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Boeinc Hydroplanes for the United States 
Navy are powered with sturdy, reliable Hall- 
Scott “Big Four” A-7a Airplane Engines. 


Back of these engines is ten years’ experience and 
development—an important factor in the successful 
performance of these seaplanes. 


Catalog descriptive of the A-7a on request. 
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Crocker Building, San Francisco, California 
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CONTRACTORS TO U. S. GOVERNMENT. 
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The Proud Record of 
Hispano-Suiza 


\ ," 7HEN men like Fonck—Guynemer 

—Hertaux—explain that they can 
trust themselves to no motor but the 
Hispano-Suiza, the labor of its makers 
is justified. 

Exclusive use of this great motor by 
the greatest French Aces is but the cul- 
mination of its record of achievement. 


Remember that many thousands of 
Hispano-Suiza motors have seen ser- 
vice. Remember that seventeen fac- 
tories in France alone are making them. 


Such co-operation with the 
government program as Wright- 
Martin has rendered has helped 
make possible the great Allied 
Victory. 


Founded on the basically cor- 


rect principles of a great motor, 
Hispano-Suiza under the leading 
minds of the industry and the 
tremendous test of service has 
become the greatest aeroplane 
motor in the world. 


And the tremendous experi- 
ence which its manufacturers 
have undergone has prepared 
them for after-the-war activi- 
ties of hitherto unprecedented 
magnitude. 


fee A" 


Gircraft Corporation— 


New Brunswick, New Jersey 
Long Island City, New York 


HISPANO-SUIZA 


ENGINE 
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‘Balloons of Any Size and Every 7 
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NEW 
ENDURANCE RECORD ! 


Established by 
Union Airplane Motor 
I 


at U. §. Aeronautical 


Testing Laboratory, 
Navy Yard, Washing- 
ton, D. C. 


Best previous record ex- 
ceeded by fifty per cent. 


BBL ALUN ATEN ATT 





UNION GAS ENGINE COMPANY 


ESTABLISHED 1885 


OAKLAND - : - CALIFORNIA 
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In the long, hard run, in the 
stiff, steep climbs—wher- 
ever the motor is called up- 
on for its utmost—there the 
qualities that have made 
Mayo Radiators famous are 
demonstrated in their full- 
est perfection. 





MAYO RADIATOR DIVISION & MARLIN ROCKWELL Corporation - 3rd. Street ad Southern Boulevard, NEW YORK CITY 
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Airplane Rexpar Meets Every 
Spar Varnish Requirement 


ONTOONS that bridge the streams and carry the army over; 




















The Varnish on Airplanes Shall 


. Protect wood. b : ; E : 
: eet eet one every test of rain and storm in all climates—are all protected by 
P t metal. : . r*aq° i : ae Pee. 
Be ‘ong oil varnish Sherwin-Williams Air-Plane Rexpar Varnish. 
| ww tl 
- Resist light. oe : . ; 
kw [he varnish on these machines must meet tests far greater than are 
$5 met in commerce, home or industry. This varnish must resist water, 
ties ° . - . 
Have proper flowing qualities. rain, snow, heat, cold, gases, oils, all the tests of bending and warp- 
13. Have proper covering juali- i . agit ; ‘ TI : 
ties. er ; . ‘ sesame < ode , . " y P . 
14. Have suitable body. ing, all the tests of covering and gripping. 1e thoroug 1 manner in 
16, Harden rapa. which Air-Plane Rexpar Varnish is meeting these tests is indicated 
17. Be elastic. , ro ae ' ° : . 
18. Be elear. by its acceptance by the U. S. Signal Corps for use on pontoons, hydro- 
Biron, | : 
L est quality P a — ‘ ee 
21. Match a fixed color solution. planes and aeroplane S. 
. be durabie. 
23. Not flash below 95 degrees ae 4 . . ‘ ‘ — o 3 
Fabr. The quality of Air-Plane Rexpar Varnish makes it ideal for every 
Hy ae = pee am. : - : 3 
. Not dull under water. — . . ‘ — aia a oe _ “ ' “ , ‘ . 
te he varnish purpose that requires the very best product that is made. 
27. Stand air test during applica- 


hydroplanes that ride water as well as sky; aeroplanes that stand 


FSeen eos wepr 


— ee 
nm 


tion 
28. Stand air test during drying. e ene 
29. Meet a fixed setting test. The Sherwin-Williams Company 
30. Meet a threefold drying teat. 
31. Meet a severe bending test. 801 Canal Road, Cleveland, Ohio 


32. Be inspectedsbefore shipment. 
33. Be inspected at destinativa. 


y “4 2 OI 
34. Prove durable under fixed test. Branch Offices and Warehouses in all important cities 


SHERWIN-WILLIAMS PRODUCTS 
PAINTS anon VARNISHES 


DYESTUFFS, COLORS, PIGMENTS, CHEMICALS. INSECTICIDES, 
DISINFECTANTS, WOOD PRESERVATIVES 


Sherwin-Williams Air-Plane Rex- 
par meets all these requirements 
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CRANKSHAFTS 


AIRPLANE, AUTOMOBILE, TRUCK AND TRACTOR MOTORS 
CAREFULLY FORGED 


bp: o... 








PROPERLY HEAT TREATED 


AND 


ACCURATELY MACHINED 





TO YOUR BLUE PRINTS AND SPECIFICATIONS 








WE ALSO SPECIALIZE IN THE FORGING OF 


AXLES 


BOTH LIGHT AND HEAVY 


CAMSHAFTS, CONNECTING RODS, CONTROL LEVERS, 
GEARS, CLUTCH DRUMS AND FORKS, ETC. 
UPSET FORGINGS 


DRIVE SHAFTS, WHEEL HUBS, COUNTER WEIGHTS, ETC. 
SEND US YOUR INQUIRIES — 


ANDERSON FORGE AND MACHINE CO. 


DETROIT, MICHIGAN 
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Since we have been at 
war our vast forging 
facilities have been 
completely at the ser- 


vice of the manufactur- 


ers doing Government 
work, and we are justly 
proud of the record we 


have made. 


The unvarying reliability of 
Wyman-Gordon products is 
the logical result of high 


ideals consistently maintained. 


Company 


Worcester, Mass. 








GUARANTEED 
FORGINGS 


Wyman-Gordon 


Cleveland, Ohio 





























“NORMA” 
PRECISION 
BALL BEARINGS 


(PATENTED) 


Service—the supreme test of men and 
of machines—the thing expected, and 
exacted from all—the measure of value 
of an individual and of a commodity — 
the times have given the word a new 
and higher significance. And service 
today means more than adequacy to 
ordinary demands— it means an avail- 
able reserve equal to any emergency. 


Guided by experience—warned by 
previous failures—builders of 
dependable ignition and radio- 
electric apparatus standardize 
on "NORMA” Precision Bearings— 
knowing that "NQRMA” servicea- 
bility helps any machine measure 
up to the service conditions which 
the times impose. 


Be SURE—See that your Electrical 
Apparatus is "NORMA" Equipped 


THE NORMA COMPANY OF AMERICA 
i790 ‘ BROADWAY NEW YORK 
Ball, Roller, Thrust and Combination Bearings. 
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HE bearing is no better than 
its poorest steel ball — which 
means there can be no poor 
steel balls in a good ball bearing. 
New Departure steel balls are marvels 
of uniform quality, sphericity and size — 
the product of the largest steel ball man- 
ufactory in the world. 
THE NEW DEPARTURE MFG. CoO., Bristol, Conn. 


Conrad Patent Licensee. 








Glimpses of remarkable equipment which makes the highest 
standards of quality possible — wire annealing by 
/urnaces, wire drawing, electric tempering vats and 
mation test 
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HOSE who are awake to the development of the 
times cannot but wonder at the truly remarkable 
course aircraft and engine design and production 

have followed in the United States since our participa- 
tion in the conflict. 

Next to the quickened sense of democracy, the richest 
heritage which this war has left the world is to be found 
in the wonderful advance made in the aircraft art and 
overwhelming proof of the practicability of air trans- 
portation. 

Although pioneers in aviation, America had been up 
to the time the world war began in 1914, slow to take 
advantage of its scientific leadership, almost entirely 
due to lack of governmental interest and support such 
as was freely extended by foreign governments to their 
aircraft engineers. A group of engineers and manu- 
facturers, however, had labored to overcome this back- 
wardness and thus, when the United States entered the 
war, Washington found available the-nucleus of an 
organization which developed within éighteen months 
into one of the three major weapons which we placed 
at the disposal of humanity—weapons used by land, sea 
and air. 

When the Central Powers laid down their arms, 
America was fast approaching the stage where it would 
hold undisputed leadership in the air. American built 
aircraft had gone through the furnace of war, and 
emerged victorious from the supreme test of reliability ; 
and so had American airmen, to whose gallantry and 
proficiency it is justice to give due acknowledgment. 

At about this time the first American designed fight- 
ing aircraft were also beginning to come into their own, 
showing performances in speed, climb and maneuverabil- 
ity which have demonstrated conclusively that American 
types of aireraft today are unexcelled in the world. 
This is a statement which no one with a knowledge of 
the facts will challenge. We have today the best train- 
ing machines, heavy and light bombers, observation and 
fighting planes ; the most powerful engines and the light- 
est engines per horsepower. 

The signing of the armistice was followed by a some- 
what hasty reaction, in which a desire was manifested 
on the part of the various authorities in Washington to 
curtail war production and accelerate the resumption 
of normal activities. Insofar as the aircraft industry 
was concerned, there occurred cancellations amounting 
to some $200,000,000 affecting every one of the plants 
which had enabled the United States to take her place 
among the first-rate flying nations. 

While liquidating aircraft contracts, the departments 
concerned with aviation are going ahead with estimates 
for considerable expenditures during the fiscal year be- 
ginning July 1 next. Thus a budget has been prepared 
which requests a total of $165,000,000 for the War 
Department, of which $145,000,000 is for aircraft pro- 
duction and the development of air navigation, and 
$20,000,000 for the peace time personnel ; while the Navy 
Department asks the sum of $225,000,000 for an aircraft 
program that will be commensurate with its enlarged 
sea budget. The Post Office Department is thoroughly 


awake to the possibilities of the airplane in the mail 
service. 


The Chairman of the Post Office Committee of 
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the House has just introduced a bill asking $2,185,000 
for the air mail service for the next fiscal year. 

Thus Congress is to be asked for a total of $392,185,000 
for the development of air navigation during the fiscal 
year beginning July 1, next. 

But long before any part of these sums shall have be- 
come available the aircraft industry is likely to perish, 
for, although the Government has still many millions of 
dollars available for aviation purposes, it apparently 
fails to recognize the necessity for providing for the 
industry between the present, when contracts are being 
liquidated wholesale, and July 1 next, when the new 
appropriations will be available. Unless a constructive 
program is immediately formulated and put into effect, 
the engineering talent, industrial genius and financial 
backing of the aircraft industry will seek other fields. 
In fact, this process of dissolution has already begun and 
is proceeding at an alarming rate. 

It would portend a lamentable lack of foresight if this 
situation were permitted to develop unchecked. A\l- 
though conceding that some confusion must attend the 
shifting of governmental machinery from war time to 
peace time conditions, there can be no excuse for failure 
to grasp the magnificent opportunity which is offered 
America to become supreme in the air, in the military 
and naval as well as in the commercial field. The war 
has demonstrated that the airplane is the cheapest form 
of military and naval weapon and that it is the best 
peace insurance. But the hour demands quick and de- 
cisive action with respect to announcing a constructive 
policy, one that will maintain intact the engineering and 
creative ability now available for brilliant progress 
in aeronautics; in a word, a policy which will prevent 
America from sinking back into the insignificant place it 
held in aeronautics before the war. 

Those who understand fully the peculiar position in 
which the American aircraft industry now finds itself 
declare that, unless steps are taken at once to release 
some of the funds which are available, so that the present 
eritical period may be safely weathered, plants will be 
foreed to close; their invaluable scientific and technical 
organizations will be scattered to the four winds. 

Then, when the various departments seek to develop 
their aircraft programs after July 1 next, they will be 
confronted with a depleted industry and will be forced 
to expend far more money, time and energy on the 
problem of rehabilitation than an immediate program 
would eall for now. 

Here is something which challenges individual 
thought, not only by the statesman, scientist and manu- 
facturer, but by the average man who, affected by the 
glamour which surrounds flying, has given little heed 
to the practical underlying facts. 

To retain what was first won for us by the Langleys, 
Wrights, Curtisses and Burgesses; to prevent any lapse 
in the wonderful development which has come out of our 
aeronautical effort in the war, demands decisive and co- 
ordinated action in cooperation with the engineering 
talent of the industry by all departments of the gov- 
ernment which have made or considered tentative plans 
for utilizing aircraft; otherwise America will lose the 
place she has won in the air. 











By F. E. 


There is so much at stake in the construction of aircraft thai 
expense does not bulk as large as in other lines of manufacture, 
which explains why there should be a decided effort to obtain 
the best that research can give. In this connection all of the 
laboratories throughout the world where the laws of aero- 
dynamics are being investigated command the attention of the 
aircraft manufacturing world. One of the latest laboratories to 
be completed is that in 


The Boeing Aerodynamical Laboratory 





McKone 


in the day time. Even the instruments under the channel can 
be read easily using only the ceiling lights. The intensity of 
light varies little in different sections of the room when meas- 
ured at the same level from the floor. A great amount of light 
from the ceiling lights shines on the instruments under the 
channel because of glass windows in top, bottom and sides of 
the channel of this section. The ceiling lights are two outlets 

to a cireuit ensuring the 





Seattle on the campus 
of the University of 
Washington. 

The laboratory is a 
gift of Mr. W. E. Boe- 
ing, a manufacturer of 
airplanes in Seattle, 
Wash., to the Univer- 
sity of Washington. 
Fig. 1 shows the build- 
ing officially known as 
the Boeing Aerodynam- 
ical _ Chamber. This 
building, because of the 
war, was held to a one- 
story wooden structure, 
although the plans eall 
for a two-story build- 
ing where students may 
recite, and a large 
drawing room for stu- 
dent design of aircraft. 
The second floor is 
planned as a_ layout 
room, to be used jointly 
for dirigible and naval 
architecture, occupying the whole floor, a space 80 by 50 ft. 

The size of the completed section is 80 by 20 ft., with a small 
basement under the building. This gives a depth of 20 ft. to 
the chamber which contains the wind channel. The office is in 
the rear end of the building, extending back to the first rain 
spout. On the other side of the building, facing the Engineer- 
ing Hall, which may be seen over the top of the aerodynamic 
chamber, a door for the students leads into the office and to the 
testing chamber. A room the same size as the office, and 
situated underneath the latter, is used by the students for 
computations. This is separated from the testing chamber by 
a partition largely of glass to provide light. It will be seen 
from this illustration that the testing chamber is abundantly 
lighted. 

The University campus borders on both Lakes Washington 
and Union, which are connected to Puget Sound by locks. 
Over these lakes full seale testing of seaplanes is in progress 
the year around as the climate and other conditions are favor- 
able to all-year flying. Opportunities for collaboration be- 
tween the laboratory on the University grounds and the full 
size testing done by the Boeing Airplane Co. seems to be 
abundant. 





Fig. 1. Tue Borina 


The Testing Chamber 


The interior of the testing chamber is shown in Fig. 2, as 
seen from the doorway of the calculating room under the office. 
The bell shaped entrance to the channel is 10 ft. from the parti- 
tion behind the camera. The office above is separated by the 
same style of partition so that the instructor can exercise a 
general supervision of all laboratory work while in the office 
above. 

The square patches in the ceiling are sixteen in number and 
will carry 300 watts per outlet. This has not seemed necessary 
and, with the exception of the six in the center of the chamber 
where 200 watts is carried, 100 watts have proven sufficient. 
The reflectors are of metal, with mirror interior set into the 
ceiling so that the diffusing glass is flush with the ceiling. Dr. 
Osburn, illuminating engineer for the University of Washing- 
ton, contributed largely in the solution of the lighting problem. 
As a result of his investigations, the work in the laboratory 
can be carried on at night with as little fatigue to the eyes as 
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greatest economy in the 
use of the electricity, at 
the same time getting 
the light where needed. 
The light in the ealeu- 
lating room consists of 
two outlets of 200 watts 
semi-indireet. The office 
above has the same 
amount of light wholly 
indirect. The cost of 
this lighting system was 
much lower than for 
many systems giving 
far poorer illuminating 
results. It is simple, 
clean and creates no air 
disturbances as the air 
is pushed through the 
room. The flush ar- 
rangement of the dif- 
fusing glass, with no 
dangling elements to 
-atch dust, seemed to fit 
into the plan of a free- 
from-dust room. This 
is a very important feature of a wind channel testing room. 
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TESTING 


One of the main considerations in the design of the testing 
channel was the feature covering the possibility of continuous 
testing. Even in times of peace it is most economical to run 
a test through as quickly as possible, so there may be no con- 
gestion in the use of the channel. This seemed of special im- 
portance at the time the laboratory was planned inasmuch as 
the war demands on a wind channel greatly exceeded those of 
normal times. To ensure the successful operation of a testing 
channel there must be the fullest confidence of the testing fore- 
man on each shift in his fellow foreman. Without this the 
whole scheme fails. 


The Wind Channel 


The channel proper in general design is like that of all 4 by 
4 ft. square tubes, which have been successfully used at the 
Massachusetts Institute of Technology, Cambridge, Mass., the 
laboratories of the Curtiss Aeroplane and Motor Corp., Buf- 
falo, N. Y., and the National Physical Laboratory, Teddington, 
England. The most notable departures consist in the use of a 
propeller of 9 ft. diameter, with four blades of low pitch, in- 
stead of the usual 7 ft. size. This makes the diffuser at the far 
end of the room larger and the tube lengthened. An inspection 
of the channel will show a wear-resisting and rigid construe- 
tion. The channel is made of three-ply fir and is finished in 
dull mahogany. 

The use of a 9 ft. propeller made the length of the channel 
and the diffusing box 53 ft. over all. The extra length is due 
mainly to the metal tube which conducts the air from the 
square section to that of the propeller. The enlargement of the 
tube is in two sections. The first connects to the square wooden 
channel and expands the air from 16 sq. ft. to a round cross 
section of 27.2 sq. ft. in a length of 5 ft. 6 in. In six additional 
feet the cross section expands to the area of a circle of 9 ft. 1 in. 
diameter, or 64.8 sq. ft. area. 

In the mouth of the channel a nest of 256 pipes, 21 in. in 
diameter and 21% ft. long, made of Russian iron, are stacked 
as shown in Fig. 2. This nest is made up of sixteen sections, 
each made up of sixteen pipes. The pipe seams leave the inside 
of the pipe smooth, coming entirely outside. These seams are 
brought together and the pipes are soldered along these mak- 
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ing a smooth job throughout. With these units it was possible 
to get good alignment. The function of these tubes is to have 
the air follow parallel lines at all points to the sides of the 
channel. The more perfectly this is accomplished, the more 
nearly will the condition of flying in still air be approached. 

Also, in order to approach this condition, care in the design 
of the propeller is essential to have as uniform a rate of flow 
of air, both across the channel and as regards time. A low 
pitch propeller with a large diameter assists these conditions. 
The propeller is of mahogany, made up of five laminations, 
and is mounted on a standard S. A. E. hub; both are manu- 
factured by Hall Scott Motor Corp., California. 

The propeller drive is the usual silent chain of the Link belt 
design. The jack shaft to which the propeller hub is bolted 
runs in two ball bearings at a speed of 1000 r.p.m. The chain 
passes between them over a 25-tooth sprocket of 54-in. pitch. 
The bearing housings in both cases are of S. K. F. design, but 
only one of the bearings is an S. K. F., inasmuch as thrust 
had to be taken care of and for this purpose a New Departure 
bearing was fitted to the other S. K. F. housing. By a spring 
arrangement provision is made for the shaft to float along the 
shaft and any movement of the armature of the motor below 
is thus eared for without jar or vibration. 

An important consideration in the design of a wind channel 
is the matter of being able to hold the propeller revolutions 
constant during a reading of the instruments at some given 
speed. It must be possible to vary this speed from 400 to 
1200 r.p.m., so as to conduct tests at different wind velocities. 
If direct current is available the cost of the electrical equip- 
ment is much reduced. This was not the case at the University 
of Washington and it was necessary to arrange for the con- 
version of the alternating current, which was done by using a 

















THe WIND CHANNEL 


Fig. 2. 


General Electrie Co. MIC type motor generator set. This unit 
is shown in Fig. 2 at the far end of the room on a concrete 
foundation, 27 by 24 in., and raised 10 in. from the floor; it 
weighs 1080 lb., is 15 kw. capacity, and has a normal speed of 
1800 r.p.m. 

_ The motor which drives the propeller through a silent chain 
is an R. F. adjustable speed motor, which was built by the 
General Electrie Co. This motor is seen under the diffuser 
on a foundation 22 by 21 in., raised 12 in. from the floor. Two 
inches of this is the two-by-fours which act as absorbers of any 
vibration which may occur. This motor weighs 1445 lb., and 
has a normal speed of 400 to 1200 r.p.m. Its capacity is 15 hp. 
for non-continuous service. 

The wiring from the motor to the generator set is under the 
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Fig. 3. PressurE BALANCE AND WIND CONTROL 

concrete floor in metal conduits. Wiring from the control 
board to the motor is more likely to have alterations made so 
that this line was run in metal conduit close under the channel. 


The Instruments 


The control board and balance are shown in Fig. 3, as well 
as the angle iron construction holding up the channel. From 
the metal conduit the wires are shown leading to the cireuit 
breaker. From here the wires run concealed to the controller 
below and continuing to the resistance under the controller. 
Proper wires are carried across behind the instrument board 
to the various instruments. On this board are ground lamps, 
shown lighted. The voltage and current are registered on the 
instruments. The current was not large as the propeller was 
not on the shaft, and was being turned over. Resistance, 
switch and fuses constitute the remainder of the equipment 
on the instrument board. 

The balance which records the wind pressure was constructed 
by engineers of the Curtiss Aeroplane and Motor Corp. and 
is similar to the balance used in their own laboratory. The 
frame holding the remainder of the balance is fastened to the 
underside of the channel. Between this and the plate glass is 
a rubber collar for sealing so that no air may enter the channel 
at this point due to a reduced static pressure inside caused 
by the propeller suction. The balance passes up through this 
collar and also the plate glass. On this projecting spindle the 
model under test is placed. In order to protect the spindle 
from setting up a turbulence in the channel a correctly shaped 
spindle guard is fastened to the glass. By means of thumb 
serews, the balance may be made to pivot either across or 
along the balance. This takes care of the drag and the lift on 
the model by the usual method of balancing weights. There is 
a disk which allows for the varying of the angle of attack and 
maintains the angle throughout the reading. There are weights 
also for getting greater sensitivity. 

The installation and building cost approximately $12,000. 
In order to preserve alignment of this equipment, the building 
is adequately equipped for heating. It has been found that 
cement paint on the floor greatly reduces the amount of dust 
and dirt which often rises into the air and is pumped around 
the room. The windows required shades to prevent the sun 
from blistering the varnish on the channel. 

Architects for W. E. Boeing were Messrs. Sebb and Gould, 
of Seattle. The aeronautical engineering was done by the 
writer. Calibration of the channel and the instruments have 
not been completed. 








The Bréguet B-14 


The Société des Ateliers d’Aviation Louis Bréguet, of Velizy- 
Villacoublay, France, are one of the oldest aircraft manufac- 
turers in the world, the firm having been founded by M. Louis 
Bréguet, a wealthy electrical engineer, in 1908. After having 
experimented for some time with a combination airplane and 
helicopter machine, with which he actually succeeded in leaving 
the ground, M. Bréguet produced in 1909 the first tractor bi- 


All-Metal Airplane 


tions, but derived from methodical investigations extending 
over a period of nearly ten years. 

The Bréguet B-14 airplane is a two-seater day-bomber, and 
is fitted with a 12-cyl., 300 hp. Renault engine; a more recent 
model, the B-17, carries a 400 hp. Renault. Both are tractor 
biplanes. 

Wings—The wings have a negative stagger of 0.21 m. and a 

















Bréauet Day-BoMBER OF THE FRENCH AIR SERVICE 
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plane and flew it himself at the Reims aviation meeting. This 
machine was notable for being almost entirely built up of steel 
tubing; in fact, outside of the wing ribs and some fairing 
elements in the body, no wood was used in its construction, 
and the body was sheathed with aluminum. 
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Ever since, and regardless of various difficulties experienced, 
M. Bréguet has maintained his faith in all-metal airplane con- 
struction, although in his latest machines aluminum alloys 
have to a large extent displaced steel. The airplane under 


review is therefore particularly interesting as affording a good 
example of all-metal construction, based not on recent concep- 
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sweepback of 175 deg.; both wings are “ washed out,” the in- 
cidence of the upper decreasing from 4.5 deg., at the roots, to 
2.6 deg., at the tips, while the incidence of the lower wings de- 
ereases from 3 deg. to 2 deg. The upper wings have a span of 
14.40 m., and a chord of 2.00 m.; the lower wings, a span of 
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13.77 m., and a chord of 1.90 m. The chord is uniform for 

each wing throughout its entire length. The upper wings 

have a dihedral of 175 deg.; the lower ones are straight. 
Wing Spars—The spars of both wings are drawn duralu- 
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min* tubes of rectangular section, 65.6 by 34.6 mm. The wall 
thickness of the spars is 2.6 mm. at the center section, and 1.6 
mm. at all other points. The rear spar tapers down toward 
the tips to the thickness of the lateral wing edge, which con- 
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ailerons have a span of 3.74 m. and a chord of 0.82 m.; they 
are balanced. 


is hinged to the latter along its entire length. The hinges are 
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On the lower wing the portion situated behind the rear spar 








THe Bréauet WinG SECTION 


sists of 6 mm. ash strips reinforced with 3 mm. three-ply wood. 

At the points where the interplane strut sockets occur, the 
spars are strengthened by a plugging of ash, of I-section, and 
by welded sheet steel sleeves, which are held in place by tubular 
steel rivets, and serve as a base to the sockets. 

The upper front spar is partly plugged at the center section 
with a strip of pine, 10 mm. thick, which is secured to one side 
of the tube by means of small brass screws. 

Internal Wing Bracing—Duralumin tubes of 


27-30 mm. 
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SECTIONAL VieEW OF LOWER WING WITH EQUALIZER 


diameter are used as compression struts at the interplane strut 
joints, except at the inner joints of the lower wings, where 
duralumin box ribs are used. Three more box ribs occur in 
each half-wing, and serve as spacing members. The internal 
wing truss consists of single steel wire varying in diameter 
from 3 to 1 mm. 

Ribs—The ribs are loose-fit on the spars, and are set parallel 
with the longitudinal axis of the machine. They are not, how- 
ever, perpendicular to the wing spars, but form with the latter 
an angle corresponding to the sweep-back because the spars are 
set parallel with the leading edge. The ribs are interconnected 
by means of three-ply planking, reaching on the upper side 

| from the leading edge to the front spar, and by two parallel 
fabrie straps, alternately passing above and below the ribs. 
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Cross SECTIONS OF WING SPAR 


The main ribs are spaced 0.40 m. apart, and light false ribs 
occur between them at both leading and trailing edges. These 
false ribs are birch strips of 4 mm. width, while the main ribs 
are 16 mm. wide. The webs of the main ribs are of composite 
wood, consisting of a central layer of 3 mm. three-ply and two 
external layers of birch; the flanges are 6 mm. thick. 

_ The wings are surfaced with a fabric of yellowish color; this 
is sewn onto the ribs, and strengthened with wooden strips 
where it is exposed to the slip stream. Eyelets are provided 
for the drainage of moisture and equalization of air pressure. 

Ailerons and Equalizers—Only the upper wings are fitted 

with ailerons, and these are hinged to the rear spar. The 


* The term duralumin is here used for sake of convenience to ex- 
press the high tensile aluminum alloy employed in the Breguet, al- 
though this metal is not properly speaking duralumin. 










































fitted to the upper face of the wing spar and to the top surface 
of the movable portion, and the latter is maintained at a given 
angle by the pull of twelve rubber cords, which are fixed to 
the underside of the ribs. The tension of the rubber cords can 
be adjusted (on the ground) by means of set serews. The 
object of this arrangement is, of course, to provide in flight for 
the automatic adjustment of the wing camber to the loading 
of the airplane. 

These “ equalizers ”—as the movable wing portions may be 





called for want of a better name—are by the way but a modi- 
fication of the old Bréguet system of automatic camber control 
by means of a flexible trailing edge. The pre-war Bréguet air- 
planes had single wing spars, with a single row of interplane 
struts, and the incidence of the wings was entirely determined 
by the tension of springs carried inside the wings. While the 
speed and weight carrying performance of these machines was 
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Lower Spar Firrines ror CABLE ATTACHMENT 


quite remarkable—ten airplane passengers having been carried 
for the first time on a Bréguet—the action of the automatic 
wing control was not always trustworthy and actually caused 
several fatal accidents. 
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In view of this fact it is highly significant that this system 
should have survived in a modified form on the model B-14, 
which is one of the most successful day-bombers of the French 
Air Service, and apparently shows that the value of the 
equalizers is more than theoretical, and their mechanism now 
entirely dependable. 

The hinges which connect ailerons and equalizers to the wings 
. 7725 
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SECTIONAL SIDE 


are sheet steel stampings, which are held in place by through- 
bolts. The spars are not plugged at these points. 

Interplane Struts—The interplane struts are duralumin 
tubes of streamline cross section, and fit into duralumin sockets. 
The inner pairs of struts are internally strengthened by a cross- 
member of channel steel, which is riveted to the sides of the 
struts. 

The duralumin used in the interplane struts has a tensile 
strength of 40 kg. per sq. mm., and an elongation of 18 per 
cent. 

Flying and Landing Wires—The flying wires are 4.5 mm. 
cables, double, with wooden fillers in between. The landing and 
incidence wires are 2.5 mm. cables, also earried in double, and 
similarly connected with one another. The wiring plates are 
sheet steel stampings. 

Body—tThe body is almost entirely built up of duralumin 
tubes, which are joined through riveting by means of welded 
steel tube sleeves, and are spanned with wire. Only at special- 
ly stressed points, in the front part of the body, have steel 
tubes been used. The upper and lower sides of the body are 
rounded off by means of fairings. The covering is canvas, ex- 
cept around the engine, where aluminum plating is used. 

The engine bed consists of duralumin bearers of U-section, 
which are supported by struts of the same metal. All joints 
are riveted. 

The tail planes are built up of welded steel tubing, and are 
surfaced with canvas. One may note, as a departure from 
what would seem to be standard French practice, that the 
elevator is balanced at the tips, somewhat in the fashion of the 
Gotha, although the rudder is non-balanced. 

Undercarriage—The undercarriage is of very sturdy con- 
struction. It consists essentially of three pairs of duralumin 
struts of streamline section, which are reinforced internally by 
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a channel steel member, like the inner interplane struts, and 
are joined by two horizontal steel tubes. The joints are sheet 
steel sleeves, and are riveted to the struts. The axle, rubber. 
sprung to the horizontal struts, is a 55 mm. steel tube and rests 
in a streamline guide of sheet steel. The streamlining is cut 
out in the middle to improve the sight downward. 

The tail skid is of ash, duralumin-shod, and provided at its 














/ 


Ld a - = 
Soin — 117 





>| 


) yt 
— 
! ~ jth 
> { |} 2 3 
| ————— §. nom 
S | > <15 
Ss ~~ > 
S xy hf Y oe 
ee = Fi Section E-F 
*—450—> 
| Section C-D 





AND PLAN 


It is pivoted to the stern- 


lower end with leaf springs of steel. 
post, and rubber-sprung. 

Power Plant—The power plant consists of a V-type, 12-eyl. 
Renault engine, water-cooled, which develops 300 hp. at 1,500- 
1,600 r.p.m. This engine is practically identical with the 260 
hp. model, the higher power resulting from the use of aluminum 
pistons and increased engine speed. The exhaust is led over 
the upper wing by means of a streamline collector. The engine 
drives a two-bladed airserew direct. The cooling system con- 
sists of an aluminum radiator, fitted in the nose of the machine, 
which is divided in the middle; each row of cylinders thus has 
its individual cooling system with a separate water pump. 

Gasoline System—Two gravity tanks, of 130 liters capacity 
each, are mounted behind the engine, flush with the upper face 
of the body. As their underside lies only a little above the 
carburetors, an auxiliary tank of 5.6 liters capacity is provided 
in front of each carburetor. These tanks fill themselves by 
gravity from the main tanks when the airplane is in horizontal 
or gliding flight, while in climbing the carburetors are supplied 
from the auxiliary tanks. Check valves fitted to the piping 
prevent the gasoline from flowing back into the main tanks. 

The fuel level in the main tanks is indicated electrically by 
pressing a contact; for this purpose a hard rubber tube is 
mounted in each tank inside a tube, and wound with 4 
resistance wire of 0.4 mm. thickness, above which a cork float 
with contact moves. The fuel supply is sufficient for a flight 
of about 24% hours’ duration. An oil tank of 18 liters capacity 
is mounted on the right hand side of the engine. 

Equipment—The B-14 is equipped with dual control; the 
observer’s control set can be disconnected at will. Instruments 
are, however, fitted to the pilot’s cockpit only (excepting 
throttle and switch, which are duplicates), and comprise: 
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tachometer, watch, altimeter, two radiator thermometers, push 
buttons and indicator arrangement of the gasoline levels, and 
compass, all of which are mounted on the instrument board 
protected by a sheet of Triplex glass. To the right of the pilot 
are mounted: radiator-shutter control, starting magneto, gaso- 
line spray pump for starting, gasoline and oil stop cocks, and 
switches for night lighting and wireless. To the left of the 
pilot are: throttle and spark levers, air supply control, magneto 
switch, and gasoline stop cock. 

A fixed machine gun, for the pilot, is mounted outside of the 
body, to the left, and is operated by an interrupter gear from 
the camshaft. 

The observer is seated in the rear cockpit on a hinged seat 
which enables him, when not serving the twin machine guns 
mounted on a revolving ring, to crouch low in the body for the 
purpose of observing the ground below through the Cellon 
windows which are fitted to the bottom and sides of his cock- 
pit. The bomb release and wireless control levers are mounted 
to the right. 

The bomb magazine is located in the middle of the lower 
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wings and contains sixteen small bombs, hung in two rows of 
eight, parallel to the leading edge. The bombs are released in 
pairs, that is, two lying in the same fore-and-aft axis at a time, 
by the action of two camshafts mounted in front of the for- 
ward wing spar. The camshafts are connected with one 
another by a pulley and rubber band transmission acting on a 
transverse shaft, which is operated from the release control, 
in the observer’s cockpit, by means of chain and sprocket 
transmission fitted with a locking lever. 

On some of these airplanes provision is made for the carry- 
ing of two large bombs inside the pilot’s cockpit, but even then 
the release device is controlled by the observer, the bombs’ sight 
being in each case mounted in the rear cockpit. 

Weight Items—The weight of the B-14, empty, is 1,215 kg. 
The normal useful load is 514 kg., and the maximum useful 
load, 614 kg., to which must be added the weight of the fuel, 
216 kg. Fully loaded, the machine thus weighs 1,945 and 
2,045 kg., respectively, which gives, in the former case, a wing 
loading of about 40 kg. per sq. m., and a power loading of 
6.5 kg. per hp. 





The Aeromarine, Type L, Aeronautical Engine 
By Charles F. Willard 


With the object of providing a power plant suitable for 
training and sporting machines, and appreciating that sim- 
plicity, accessibility and durability without undue weight 
are essential, the Aeromarine Plane and Motor Co. has de- 
veloped a new six-cylinder, four-cycle aeronautical engine, 

















AEROMARINE, Type L, INLET SIDE 


known as Type L. This engine, which is water cooled and of 
the valve in the head type, has cylinders of 414 in. bore and 
a stroke of 644 in. The weight of the engine is 375 lb., and 
when equipped with electric starter and generator it weighs 
405 lb. The rated horsepower is 130 at 1625 r.p.m. 


Crank Case and Cylinders 


The main portion of the erankease and eylinder jackets 
are integrally cast of aluminum alloy. This type of design 
eliminates a multitude of bolts, serews and fittings, and as 
well gives an extremely rigid structure. The cylinder sleeves 
are alloy steel forgings, machined all over, to give a uniform 
wall thickness. After machining, the sleeves are heat treated, 
and the working surfaces ground. The outside of these 
sleeves are in direct contact with the cooling water over their 
entire surface. The cylinder head gasket, of copper and as- 
bestos, makes a tight joint against the top flange of each 
cylinder sleeve. The water joint at the bottom of each sleeve 
is by individual cork gasket, which allows freedom for expan- 
Sion, and at the same time makes a perfectly satisfactory 
joint. 

Cylinder Head and Valve Gear 


The cylinder head and valve gear form a complete self- 
contained unit, which can be removed from the engine in a 


few minutes, allowing inspection of the valves combustion 
chamber and making it possible to remove the carbon or grind 
the valves within the very shortest possible time. The re- 
moving and replacement of this head may be accomplished 
without re-timing the motor, due to a special arrangement 




















AERONAUTICAL ENGINE, Exuaust SIDE 


of the splined shaft which drives the camshaft gear. The 
head is of aluminum alloy with gray iron valve seats cast in 
position. 

The combustion chambers are machined. The water cool- 
ing of the spark plugs, exhaust valve guides and valve seats 
is exceptionally complete. The cams and rollers are housed 
in, precluding possibility of oil reaching the combustion cham- 
bers through valve stem guides. There are four valves for 
each cylinder, two exhaust and two inlet. A special design 
of valve gear, embodying flat multiple leaf valve springs, 
effects a great reduction in length and weight of valves and 
valve levers, and also reduces the over-all height of the motor. 
Each valve spring actuates two valves. 

By a special design of the valve adjusting screw, a rolling 
contact is obtained between it and the end of the valve, thus 
eliminating the possibility of any side motion being trans- 
mitted from the valve levers to the valve stem. There is an 
oil return passage from each end of the cylinder head to the 
erank sump. The whole valve gear is enclosed in a quickly 
detachable aluminum cover, so that when the motor is in 
operation there are no moving parts visible and the possi- 
bility of a pilot being annoyed by oil from the valve gear is 
entirely eliminated. The camshaft is hollow with integral 
eams and is driven by bevel gears and vertical shaft from 
the power delivery end of the motor. 
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Oil System 


This engine is of the dry sump type, a dual pump being 
used to deliver the oil pressure to the working parts and to 
draw the surplus oil from under the sump, discharging the 
same into the auxiliary reservoir. This system avoids soot- 
ing of plugs and excessive oiling in the alternate ends of the 
motor as the airplane glides or climbs. It has a further ad- 
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Scraper ring below. 
piston pin bosses, 


The piston pin oscillates directly in 


Connecting Rods 


The connecting rods are alloy steel drop forgings, heat 
treated and machined al] over, are of I-beam type with four- 
bolt type cap. High class Babbitt metal is used, and is 
tinned directly into the rod. 













































VALVE Gear OF AEROMARINE, 
vantage in that the oil in its passage to and from the auxil- 
iary tank is cooled. All bearing surfaces in the engine, 
except valve stem guides, lubricate by pressure fed oil. 


Crankshaft 


The crankshaft is an alloy steel drop forging, heat treated, 
machined all over and dynamically balanced. It is of three 
main bearing type with additional propeller bearing. The 
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RINE, TyPE 1, AERONAUTICAL ENGINE 
bearings are of liberal size, the crank pins being 2% in. in 
diameter by 25% in. in length. 


Pistons 


The pistons are of aluminum alloy, ribbed under head, and 
are fitted with two sealing rings above piston pin and an oil 








Type L, 6-CyLINDER ENGIN! 


Ignition 


double Deleo instruments driven directly 
cam shaft, There are two spark plugs 


The ignition is by 
from the end of the 
in each cylinder. 

Starter 


A Bijour electric motor starter is arranged to drive the 
motor through the rear end of the crankshaft, by means of 
a special automatic engagement and planitary reducing gear 
which has a ratio of 56 to 1. 


Generator 


The Bijour generator is driven from the rear end of the 
camshaft. The motor and generator are built into the design 
in a neat and efficient manner. 


Carburetor 


Two carburetors are used to supply the six eylinders and 
are now arranged on the side of the engine above the beds 
as shown in the accompanying photographs. It is eonsid- 
ered possible that a dual carburetor may be placed back of 
and behind and below the motor with a dual feed pipe in 
the event that it is desirous to use a gravity feed. 


The Power Curve 


The power eurve is shown in the accompanying diagram. 
This engine has been run to speeds in e-cess of 2500 r.p.m. 
for some considerable period of time, and even at this ex- 
cessive speed the peak of the power curve had not been 
reached. 

Fuel Consumption 

Tests extending over a period of more than 100 hours indi- 
eate that the fuel consumption of this engines is, approxi- 
mately, .495 lb. per hp. 











The design of heavier-than-air machines during their early 
stages of development was arrived at by cut-and-try methods. 
The wings of such machines were covered with plain cotton 
fabric, much the same as an ordinary sheeting material, coated 
with a beeswax compound or some form of glue. The wing 
surfaces were then rubbed and polished to present a surface 
having a comparatively low skin friction. Such a covering 
was not very strong and sagged very materially when subjected 
to pressure and when exposed to weather. 

As the application of science produced planes which were 
sapable of much higher speeds, smaller wing surfaces, and a 
consequently increased loading per square foot of wing surface, 
it became necessary to cover them with a material having a 
high strength and a low weight. 

It was generally known that flax spun into yarns and sub- 
sequently woven into fabrics produced a very tough material 
having little stretch and the property of withstanding shocks 
with very little permanent set. Accordingly, unbleached linen 
fabric was used to cover the wings of planes and found to be 
very satisfactory. The structure of the linen fabric is that of 
an ordinary fine linen sheeting. No attempts had been made 
to study the requirements of the covering material or to design 
a fabric meeting those requirements which might possibly be 
lighter and more resistant than the linen fabries. 

When it became evident that the available supply of linen 
would not suffice the demands of the military programs of the 
countries at war, and it became necessary to find materials 
which could be used in place of the satisfactory linen. 

As early as January, 1916, the Bureau of Standards started 
investigating the possibilities of substituting cotton for linen 
airplane fabrics, and found that the general consensus of opin- 
ion among airplane manufacturers and investigators here and 
abroad was that the use of cotton fabrie for wing coverings 
was out of the question, as many experiments had already been 
made to substantiate these opinions. However, we were certain 
that not all the possibilities of structure of fabric had been 
considered, and we began an investigation to study the stresses 
in a fabric on a plane and to thoroughly determine by actual 
measurement the properties of the linen fabric and to incor- 
porate the desirable properties of the linen in a cotton fabric 
suited for the purpose. 

The difficulties experienced in the experiments on cotton 
fabrics previous to the time of our investigations were: (a) 
low strength per unit of weight; (b) low tearing resistance; 
(c) little shrinkage upon application of dope; (d) little ten- 
deney to retain what little shrinkage they had after doping. 

It was not until March 18, 1917, that we were in a position 
to issue instructions covering the construction of cotton fabrics 
for the experimental fabrics, which proved to be quite success- 
ful. These instructions were sent to the various fine-goods 
cotton mills and were supplemented by visits of our textile 
experts to the mills. At the mills our textile men sat down 
with the practical men and evolved the present cotton airplane 
fabrics. At this point I wish to mention the name of Mr. 
Richartson, agent of the Ponemah Mills, as he did much to 
make cotton fabrics a success. 

The first fabries of this series were received at the Bureau 
on or about the first of April, 1917, and as the series pro- 
gressed we suggested changes, and during the early part of 
May, 1917, a fabric had successfully passed our laboratory 
standards. The next important problem was to determine the 
actual performance of these fabrics. To this end samples were 
placed on Army planes at Langley Field and Navy planes at 
Pensacola during August, 1917. Similar fabrics were later 
sent by the Signal Corps to the Canadian Aeroplane Co., of 
Toronto, Can., and they were placed on planes the middle of 
October, 1917. 

The results of the service tests demonstrated that the fabrics 
were satisfactory and that service results could be reliably pre- 
dicted in the laboratory. In view of this we felt justified in 
modifying the structure of these fabrics, and in cooperation 
with R. L. Kingston, then with the Curtiss Aeroplane Co., and 


* Presented at the Annual Meeting, New York, December, 1918, of 
The American Society of Mechanical Engineers. 
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with A. R. Pierce, of the Pieree Manufacturing Co., the present 
Grade cotton fabric was evolved. 

It was not until August that the military authorities were 
becoming concerned with the scarcity of linen, and on or about 
August 23 the Joint Army and Navy Aireraft Board ealled 
the Bureau into a conference regarding cotton fabrics for air- 
planes, and we were able to say with a great degree of certainty 
that we had a fabric ready for their needs. 

‘On Aug. 24, 1917, a conference held between the military 
authorities and representatives of the Bureau resulted in the 
Signal Corps Equipment Division ordering that the Bureau 
of Standards supply the necessary specifications covering the 
purchase of 500,000 yd. of airplane cotton fabric. The specifi- 
cations were transmitted by the Bureau of Standards on Sept. 
5, 1917, covering the fabrics now known as Grade A and 
Grade B as used by the Signal Corps and Navy. A few days 
later the Bureau supplied the necessary information regarding 
the apparatus and methods of testing and inspection. 

Recently the standard fabrics were submitted to the English 
airplane authorities, and their comments were to the effect that 
the results of their tests were astonishingly successful. Since 
that time the English have adopted the standard Grade A 
fabric. 

At the time we were making our field tests at Langley, the 
Italian Aviation Mission was there. One of their planes was 
covered with a cotton fabric which they had used successfully 
on the battle front, and the members of that Mission offered 
the opinion that our fabrics were better than their own suc- 
cessful fabric. It is a peculiar thing that upon analysis this 
fabric differed but slightly from our own as far as thread 
count and yarn number were concerned. 

Method of Covering Airplane Wings 

The frame ef an airplane wing is covered with a fabric 
according to one of the following methods: The fabric is 
sewed into a piece which is wide enough to cover, and is folded 
completely over and under, the wing frame. It is then tacked 
on the three open sides after being stretched just enough to 
take out the wrinkles. The raw edges of the fabric are then 
sewed together and the tacks removed. 

The other method consists in making of a pocket of fabric 
and slipping it over the frame. The open end is then tacked 
and sewed the same as in the previous case. The system of 
threads in the fabric may have the following two relations to 
the major and minor axes of the wing: The warp running 
from the “ leading in ” edge to the “ trailing ” edge, or parallel 
to the short or minor axis of the wing; or it may be put on 
such that the warp is at 45 deg. to the axis of the wing. The 
fabric is laced to the wing ribs at intervals of about six inches. 
After the fabric is on the frame, it is treated by means of a 
brush with a solution of cellulose acetate or nitrate with suit- 
able stabilizers, ete., which is termed “dope.” The dope has 
the property of producing a tight drumhead-like wing cover- 
ing, which is often attributed to the shrinking of the fabric. 
It also serves to fill in the interstices of the fabric, making a 
surface which has a coefficient of friction to air approximately 
equal to that of plate glass. The doped wing fabric may be 
considered as a rectangular membrane fixed at two sides and 
supported on the other two sides by the ribs of the frame, and 
that the wing is composed of many of these sections. 

Determinations of the Properties of Undoped Fabrics 


Moisture. The fact that all fibers, either animal or vegetable, 
absorb moisture in varying amounts is very well known. The 
effect of the moisture absorbed is little considered other than it 
affects the weight determinations. 

For the purposes of this paper it is sufficient to know that 
the physical properties change in value with a change in the 
moisture content of the specimen, and that the changes of the 
properties of the various vegetable fibers are very much of the 
same order. 

In view of this it is necessary to either fix the moisture con- 
tent of the materials being tested, or to expose them to a con- 
stant and known atmosphere. The ability of a material to 
absorb moisture is a distinct property of that material, and any 
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method which fixes the moisture content does not allow of the 
accurate determination of the properties. 

The moisture content of the test specimens is that absorbed 
by the material when exposed to an atmosphere of 65 per cent 
relative humidity at 21 deg. Cent. until the moisture of the sam- 
ple is in equilibrium with that of the atmosphere. This condi- 
tion of atmosphere will be considered in 
this paper as a standard for the aec- 
curate determinations of the properties 
of textile materials. The amount of 
moisture is found by drying the sample 
to a constant weight in a ventilated 
drying oven maintained at a tempera- 
ture of 110 deg. cent., and expressing 
the difference in weight from the con- 
ditioned weight in terms of the bone- 
dry weight. This is commonly termed 
“ regain.” 

Weight. Pieces of 4 sq. in. are cut 
from various parts of the sample and 
weighed after exposure to the standard 
atmosphere, and the results expressed 
in terms of weight per unit of area. 
The commercial method of determining 
the weight per unit of area involves the 
measuring and weighing of an entire 
roll. A casual consideration of the two 
methods would lead to the conclusion 
that the latter procedure would give the 
more satisfactory result. However, the 
tension during measuring is not a con- 
stant or known amount. The variation 
in tension introduces an error, and the 
weights determined by this method 
usually run lighter than those deter- 
mined from the small samples. 

Length of Yarn. The length of a 
yarn is considered to be that length 
when the yarn is straight and under no 
tension. The yarn is stressed in tension 
by equal increments of load and the 
stretch readings are taken at any par- 
ticular load when the inerements of 
elongation per unit of time are small. 
The stretch is plotted against the load. It has been found that 
after the fibers and the yarn have adjusted themselves, the 
load-stretch curve follows a straight line. The straight-line 
portion of the curve is extended to intersect the zero-load 
coérdinate, and this length taken to be the length of the yarn 
when straight and under no tension. The apparatus is shown 
in Fig. 1. The yarn A is clamped at one end in the clamp B. 
The other end supports the weight pan C@. The yarn is pre- 
vented from untwisting by the cross-arm D. The clip G is an 
index mark to read the changes in length on the seale F’. 

Crimp. The crimp of a yarn is the increased length of the 
yarn taken from the fabric over the length of the fabric. 
The difference is caused by the interlacings of the yarns. 
This length of the yarn removed from the fabric is deter- 
mined in the manner outlined above. 

Yarn Count. The yarn count is a term used to designate 
the size of the yarn and is expressed in terms of length per 
unit of weight. For instance, a No. 1 cotton yarn has 840 
yd. to 1 Ib. It may be considered as a very approximate 
index to the diameter of the yarn. 

Thread Count. The thread count is the number of yarns 
per inch of width of the fabric, and its determination needs 
no discussion. 

Twist of the Yarns. It is determined by counting the turns 
necessary to untwist the yarn, and the result is expressed in 
terms of twist per unit of length of the yarn before untwisting. 

Tensibility Properties. The tensibility properties of a tex- 
tile material may be defined as the behavior of the material 
when subjected to tensile stresses acting parallel to and at 
the center plane or line of the material. These may be di- 
vided into the following: (a) load-stretch relations; (b) ten- 
sile strength; (c) restitution and hysteresis. 

The tensibility properties are determined in a testing ma- 
chine of the inclination-balance type arranged to plot auto- 
graphically the stretch against the load. A diagrammatic 
sketch of the apparatus is shown in Fig. 2. The inelination 
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Fig. 1. InstrRuMENT 
FOR MEASURING THE 
LENGTH OF YARN 
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balance is represented by the pendulum arm A, and the 
sector arm A, which are rigidly connected and pivoted at the 
point B. The principle is one of balanced moments and its 
theory needs no discussion. The load applied at D is read 
on the seale C. The fabric clamp EH, which may be termed 
a pulling clamp, is operated up or down at will by hydraulic 
pressure acting on the bottom or the top of the piston G 
confined in the cylinder F. The motion of the balance arm 
revolves the drum K by means of the thin, narrow brass 
ribbon VN. The motion of the pulling clamp moves the pen 
ZL along the vertical axis of the drum by the ribbon M and 
the magnifying pulley H. The pen is arranged to make a 
dot every second. 

Thin, flat ribbons of metal are used to reduce to a mini- 
mum the bending constraint and the friction of the motion- 
transmitting parts. The drum is set up in cone ball bear- 
ings, and by reason of this, together with its lightness and 
friction!ess pen, the error in the reading of the weight is 
reduced to a negligible quantity. The pen-moving device 
need not be so delicately designed, as there is available ample 
power to operate, and the forces necessary to operate it have 
no effect on the readings, only in so far as they may produce 
hysteresis and backlash effects in the system. 

The ribbon N is attached to the arm A, at a considerable 
distance from the pivot point B and the arm itself is oper- 
ated through a very small angle. These simplify the spacing 
of the load codrdinates on the chart, as they are equidistant 
along a horizontal line which is cut by the arm A,. It is ob- 
vious that there must be a correction made for the motion 
of the clamp D. This correction is made by placing a com- 
paratively rigid body such as a piece of steel in the clamps 
of the testing machine and moving down the lower clamp. 
The pen then traces the correction. During this operation 
the weight codrdinates are marked off on the chart. 

To test the apparatus for backlash and hysteresis the di- 
rection of the piston is reversed and the pen allowed to trace 
the motion of the top clamp. If there is no backlash, the 
two lines, up and down, will coincide with each other. The 
effect of backlash and hysteresis in the recording apparatus 
is very important in the determination of the restitution and 
hysteresis properties of the material being tested. It was 
found that the apparatus used was practically free from 
such effects. The calibration of. the chart for stretch is 
made by allowing the top clamp D to remain stationary and 
moving the clamp E a definite distance, noting the motion of 
the pen. This type of testing apparatus gives fairly aceu- 
rate results if operated at slow speeds, as the inertia effeets 












































INCLINATION-BALANCE MACHINE FOR TESTING TEN- 
SIBILITY PROPERTIES OF TEXTILE MATERIALS 


Fig. 2. 


of the pendulum arm are very pronounced at the higher 
speeds of operation. 

The tensibility properties are determined in the following 
manner, which, it will be noticed, is a deviation from the 
usual method: Samples of fabric are eut 3 em. wide by 25 
em. long. These are raveled to 2.5 em. wide and allowed 
to condition. They are then placed in the clamps of the 
testing machine with 20 em. between clamps and stressed by 
reason of their being stretched at the rate of 13 em. per min. 
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The inelination-balance type of testing machine is eali- 
brated under static conditions and operated when dynamics 
introduce a considerable error. Obviously the inertia effect 
of the pendulum arm varies with the type of the material 
being tested. It is necessary in investigational work to cor- 
rect for this error, or to operate the machine at such a slow 
speed that the errors arising will be negligible. 

The tensile strength and load-stretch relations are taken 
directly from the chart. The hysteresis and restitution prop- 
erties are determined by stressing the fabric specimen to a 
certain load, and relieving the stress in the same manner as 
applying it. This may be repeated a number of times and 
the results taken as an index of the fatigue properties of the 
material. 

Tearing Resistance, Tensibility Method. For this particu- 
lar purpose the tearing resistance is determined in the fol- 
lowing manner, which is a slight modification of the English 
method. 

Specimens 25 em, wide and 36 em. long are clamped in 
the testing machine with 30 em. between clamps. Slits are 
eut at the center and perpendicular to the line of pull, and 
the fabric is then stressed at the rate of 13 em. per min. and 
the maximum load transmitted recorded. The length of the 
slit is plotted against the load recorded. 

The maximum length of slit which may be used with this 
size of sample is determined by the proximity of the zone of 
stress about the tearing point to the edge of the sample. The 
area of this zone is easily determined by drawing a series 
of lines parallel and perpendicular to the line of pull. These 
lines will be distorted in the zone of stress. 

Resistance to Uniformly Distributed Pressure. The material 
is clamped over a rectangular container and subjected to air 
pressure. The apparatus is shown diagrammatically in Fig. 3. 

The deflection of the center point of the fabric is plotted 
against the unit pressure under the fabrie by means of an 
ordinary steam indicator. The shape of the deflected surface 
is determined by measuring the vertical displacement of a 
series of rods placed at various points over the surface and 
free to move only in the vertical plane. 

The rate of flow of air into the chamber under the fabric 
is very slow and is regulated by passing the air which is 
under a pressure of 10 kg. per sq. em. through 110 em. of 
l-mm. tubing. A sheet of rubber dam is placed under the 
fabric to prevent air leakage. Considering these precautions, 
it is reasonable to assume that there is a very uniform dis- 
tribution of pressure under the fabric. As there is prac- 
tically a zero rate of flow of air into the indicator, it is 
reasonable to assume that there is no pressure drop in the 
connecting line. 

In the surface formed by plotting the load-stretch and 
time relations of a fabric, there is a region where a change 
in the rate of load application produces only a slight change 
in the tensibility properties of the material. The rate of load 
application in this apparatus is adjusted by the definition of 
the pressure and dimensions of the capillary tube in such a 
manner that the variations in the load applications produce 
only a very slight difference in the recorded tensibility prop- 
erties of the material. 

Bursting-Tear Test. The procedure is similar to that fol- 
lowed in the determination of the resistance to uniformly dis- 
tributed pressure, excepting that slits are cut in the fabric 
at various points and the pressure necessary to start the tear 
is recorded together with the deflection at the time of tear. 


Determinations of Properties of Doped Fabrics 


Preparation of Samples. The fabries were stretched and 
tacked on frames under a tension of 80 gr. per em. of width 
and doped in a room maintained at approximately 65 per 
cent relative humidity at 21 deg. cent. The frames were 30 
em. by 30 em. (inside dimensions) for the preparation of 
specimens for the determination of tensibility properties and 
18 em. by 61 em, for the determination of resistance to press- 
ure. The properties of doped fabrics were determined in the 
Same manner as those of the undoped fabric, with the excep- 
tion that the tensibility specimens were cut to 2.5 em. width 
parallel to the line of threads. 

Properties of Dope Films. Films of dope were made by 
painting the dope on glass plates and the films were subse- 
quently peeled off and determinations made of tensibility and 
resistance to pressure. 


AVIATION 


623 





Exposure Tests. The fabrics after tacking on frames and 
doping were placed on the roof and determinations made 
periodically of their physical properties. 

Value of Tests 


The determinations of weight, yarn size, crimp, thread 
count and twist are made primarily to explain difference in 
properties, and more particularly to interpret properties in 
terms which readily adapt themselves to manufacturers’ con- 
ditions. The effect of these values on properties will be 
indicated to give the reader a general conception of these 
effects. 
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Fig. 3. Apparatus FoR TESTING BurRSTING STRENGTH OF 
CLotH UNDER UNIFORMLY DISTRIBUTED PRESSURE 


The question of identification of fiber has not been dis- 
cussed, but the effect of the different grades of fibers is no- 
ticeable when passing from one distinct staple to another. 
Up to the present time there have been no satisfactory 
methods of grading cotton other than those which depend 
almost entirely upon the judgment of the particular person. 
The choice of fiber should be left, within reasonable limits, 
to the manufacturer, for the manufacture of textiles to have 
definite properties is not a mathematically calculable process, 
and the laboratory can only hope to détermine and indicate 
in a general way the effect of the many variables. 

The relations between yarn number, twist, threads per 
inch weight, and weave are apparently those which explain 
the differences in the physical properties of the several fab- 
rics, and further serve as the most valuable manner of desig- 
nation of the fabries. 

The ability of a fabric to “take the dope” is influenced 
almost entirely by the relations between yarn number, twist, 
threads per inch, weight and weave, and they are practically 
the only measure of such a property. The functions of the 
dope are to produce a reasonably tight covering, to protect 
the fibers from the influence of the atmospheric conditions 
and to produce a windtight surface. In order to perform 
these functions most advantageously it is necessary that one 
or two coats of dope penetrate the fabric enough to thoroughly 
protect the fibers and to serve as a necessary bond for the sub- 
sequent coats, which should be more of the nature of a sur- 
face coating. It has been thought that a yarn made absorb- 
ent by chemicai treatment is more desirable, but when it is 
considered that such an extreme penetration of the dope will 
produce a brittle fabric, the value of such a treatment is 
practically nothing. 

Provided a yarn may be made which has little hysteresis 
effect, it is only necessary that a thin film of dope surround 
the yarn. This condition is attained only at the expense of 
overtwisting, and its object is therefore defeated by a subse- 
quent loss of strength of the fabric. From this it is readily 
seen that the dope serves a secondary purpose of supplying 
an additional bond between the fibers. The most advan- 
tageous condition of dope penetration into the yarn is ob- 
tained by twist regulation. 

Crimp. The erimp of the yarn is the largest determining 
factor of the load-stretch relations of a fabric, particularly at 
the lower loads or under conditions of normal flight. This 
will be discussed under tensibility properties. 











Curtiss Achievements~ 


1—The design and construction of the fastest fighting airplane ever flo 
Official Government records credit this triplane, which was built for the U. 
Navy, known as model 18-T, with 160 miles per hour, carrying full milit 
load, pilot and passenger. This is 15 miles per hour faster than any spq 
ever claimed for an airplane, a truly epoch-making achievement, made possi 
by the development of our new model K. motor. 





2—The design and construction for the Navy of the largest flying boats int 
world, colossal crafts capable of carrying five tons useful load. It was q 
of these boats that recently carried fifty passengers. 

3—The design and construction for the U. S. Navy of the fastest and most d 
cient Seaplane in service anywhere. This craft, which is known as the Curt 
model H-A, with Liberty motor, made an official speed of 126 miles per ho 
with full military load, armament, ammunition, pilot and passenger. 


The Curtiss Engineering Corporation is today the center of aeronattifpment 
coming of peace. Glenn H. Curtiss and his engineers have been busy in Gams, re: 
carrying forward the production of suitable commercial types. Aircraft design 
are already available, and are as superior in design, workmanship and perf Curtis 
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Ghe Great War 


&—The development and construction of a 12 cylinder, 400 H.P. motor of an 
entirely new and much lighter type, known as the Curtiss model K-12. These 
motors have undergone exhaustive tests and are already in production. 





ij—The development and construction of the Curtiss model K-6, a new and much 
lighter 6 cylinder motor. This engine develops 160 H.P. and possesses greatest 
endurance and reliability. 


The development and construction on a large scale of the Curtiss OXX 
motors, and the J-N-4 training planes, which were used almost exclusively by 
the United States and Canada and largely in England for the training of 
American and British aviators. The training of over seven-tenths of the orig- 
inal land and marine flying pilots, most of whom entered the service and 
formed the nucleus of the United States Aerial Training Forces. 
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pment. Its activities, instead of being decreased, will be increased by the 
8, research laboratories, wind tunnels and shops in perfecting designs and 
designed for sportsman’s use, mail carrying and other peace-time purposes 
Curtiss military planes have proved themselves to be. 
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Tensibility Properties. The value of tensile strength as a 
measure of the quality of an ordinary textile material has 
long been realized, and it was largely the fact that this value 
was solely considered, which misled investigators of cotton 
airplane fabrics. 

An airplane wing covering, for purposes of this discussion, 
may be considered as a flat, rectangular sheet supported on 
four sides and subjected to pressure which may be considered 
as uniformly distributed over an area defined by the width of 
the rib spacing in one direction and relatively small distance 
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load-stretch relations. The term shrinkage has been applied 
to refer to fabric tautness and leads to confusion as to the 
nature of the tightening. It has been observed that the fabrieg 
having the least stretch at the low loads are tightest after dop- 
ing, and that a plain-weave fabric is tighter than a fabrie 
woven with fewer intersections and having less stretch. The 
fabric tautness is dependent largely upon the support which 
the fabric lends to the dope and the completeness with which 
the dope binds the yarns together in their crimped condition, 
and is dependent only slightly on film shrinkage. 
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being considered is a function of the reciprocal of the radius 
of curvature plus a factor involving what is usually termed as 
an axial tension load. The curvature at any given pressure 
is determined by the load-stretch relations of the material, and, 
although the load-stretch diagram does not consider the effect 
of axial loading, it does serve as a very valuable index to rela- 
tive factors of safety of the various materials. The wing cover- 
ing must be airtight in order that the pressure may not build 
up on one fabric alone and that flight efficiencies may not be 
lowered. The material will remain windtight so long as the 
dope film is not ruptured or deteriorated. 

The life of a fabric may be considered to be dependent upon 
the life of the dope. The dope may be caused to become de- 
teriorated either by repeatedly exceeding its elastic limit or by 
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exposing it to deteriorating rays of light. The latter condition 
may be reduced to a minimum by coating the material with 
pigmented varnish or dope which is opaque to the deteriorating 
portion of the spectrum. (This development may be attributed 
to an English investigator. ) 

The shape of the tensibility curves of the doped fabric serves 
as a valuable index as to whether the elastic limit of the dope 
will become exceeded under conditions of flight. 

The ability of a fabric to shrink depends largely upon its 





dependent upon the psychology of the flyer, but, with the pres- 
ent dopes, fabric tightness is almost synonymous with life of 
the dope or fabric. 

It is believed that the fatigue properties of a fabric may be 
related rather definitely to the shape and area of the hysteresis 
loop. Although this phase of the investigation is not entirely 
complete, the area of the hysteresis loop has been used to pre- 
dict the fatigue properties of the materials with a large degree 
of success. 

The relative recoverable stretch of an airplane wing covering 
is quite readily indicated from an examination of the hysteresis 
loops of the load-stretch diagrams. It was not intended to con- 
vey the idea that all degrees of wing-covering looseness were 
equally desirable, and in the absence of exact data on the effect 
of fabric looseness on lift and drift, the allowable lack of re- 
eoverable stretch must be left to the judgment of the investi- 
gator. 

The effect of the amplitude of the vibrations of a wing 
covering is, after a few flights, determined by the recoverable 
stretch of the material, and here again this phase of the in- 
vestigation is not complete and the magnitude of this property 
must be left to the judgment of the investigator. 

Tear Resistance, Tensibility Method. This method of de- 
termining tear resistance has been considered less applicable 
to wing-covering materials, as the value of the load-streteh 
relations is not fully realized, and has been superseded by the 
bursting-tear method. The method may be used, however, in 
eases where the samples are too small for bursting tear and 
where such apparatus is not readily obtainable. 

Resistance to Uniformly Distributed Pressure. As has been 
already pointed out, the stresses in an airplane-covering mate- 
rial are a function of the curvature of the material at any 
pressure. It has been observed that the tensibility curve ob- 
tained by plotting calculated surface tension against stretch 
of the material during the application of pressure does not 
agree with the load-stretch diagram. The difference is prob- 
ably due to the initial stress in the doped fabric and to the 
fact that the end and side effects of the tension strips are not 
present in the pressure test. 

The test does not include the effect of tensions such as would 
result from wing deflections, but does serve as a more valuable 
index to factors of safety than the conventional tensile test. 
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From the pressure-deflection curves it is easier to visualize 
the relative effect of wing deflection. The true conditions of 
flight are not duplicated, but the effects of the two systems 
of yarns are integrated and the results are less deceptive than 
those obtained from tensile tests. 

Bursting-Tear Test. This test, like the bursting test, is a 
much better index to relative factors of safety than tension-tear 
tests. Questions of fabric reinforcement and balance of fabric 
are readily solved by a careful interpretation of the results 
obtained from such a test. 
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Fig. 8 represents the load-stretch diagram of a 3/80’s un- 
mercerized fabric doped. Both the warp and filling show a 
dope yield point between 5 and 10 kg., as is represented by 
the reversal of the curvature of the diagram. 

The same construction of fabric made of mercerized yarn 
is represented by the load-stretch diagram, Fig. 9. The filling 
diagram does not show a reversal of curvature and the elastic 
limit of the dope will not be exceeded under normal condi- 
tions of flight. Service tests on these latter two fabrics showed 
that the unmercerized fabric became somewhat mushy after 
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Fig. 8. Loap-StretcH DIAGRAM OF A 
3/80’s UNMERCERIZED F'apric Dorep 


Results of Tests 


It is proposed to give typical examples of tests performed 
on satisfactory and unsatisfactory fabrics in order that the 
value of the tests may be more readily realized. 

Length of Yarn and Crimp. A typical set of crimp or yarn- 
length readings is shown in Fig. 4. It will be noted that the 
load-stretch relations follow a straight-line ratio after a par- 
ticular tension is reached. It is assumed that the yarn has 
adjusted itself after this point is reached, and that if it were 
not crimped the relations would exist below this point. 

Fig. 5 shows the crimp of an unwoven yarn of coarse and 
multiple structure. Consequently the yarn and fibers are in 
more or less of a crimped condition, as is shown by the lower 
part of the curve. 

Tensibility Properties. The load-streteh relations of a 
standard English Grade A airplane linen are shown in Fig. 
6. It will be noted that the doped-filling curve is practically 
a straight line. The doped-warp curve shows a distinct yield 
point, as is indicated by the reversal of the curvature of the 
diagram. 

Fig. 7 represents the load-stretch relations of a standard 
A grade cotton fabric, which curve, it will be observed, is very 
similar to that of the linen fabric. 

The load-stretch diagram of a fabric may be divided into 
three parts according to the preponderating influences in 
these particular portions: (a) crimp; (b) erimp and yarn; 
(c) erimped-yarn characteristics. Referring to the warp 
load-stretch diagram of the cotton fabrics, Fig. 7, the part 
of the eurve extending to approximately 3 kg. is influenced 
almost entirely by crimp; the curve from 3 to 10 kg. by yarn 
and crimp; the curve from this point on shows the character- 
isties of the yarn in its crimped condition. 

This analysis suggests the particular part of the manu- 
facturing process which should be varied to produce the de- 
sired shape of curve. The part of the curve below 10 kg. 
may be varied by changing the weave structure, stiffness of 
the yarn, and more particularly tension, on the yarns during 
weaving. The sum of the respective stretches of the warp 
and filling at this point is determined by the weave struc- 
ture, and the relative magnitudes of the respective stretches 
of the warp and filling are determined by loom tensions. 


Fig. 9. Loap-SrretcH DIAGRAM OF A 
3/80’s MeRcERIZED YARN 
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Fig. 10. DeEFLEcTION of CENTER Pornt 
oF Fasric WHEN SUBJECTED TO 
AIR PRESSURE 


a short period while the mercerized-yarn fabrie stood up 
very well. Similar tests on fabrics of various load-stretch 
diagrams showed that the fabrics whose dope-filling load- 
stretch diagrams were practically straight lines stood up ex- 
ceptionally well. 

The maintenance of the strength and the tautness of the 
cotton fabrics is dependent upon the completeness with 
which the dope protects the fabric and the completeness with 
which the dope is protected from deteriorating influences such 
as light and weather. 

The dope penetration of the 3/80’s fabric, 70 square, plain 
weave, is excessive. The dope penetration of the 2/60’s stand- 
ard fabrie is slightly more than that of the standard linen 
fabric. Excessive penetration of the dope reduces the tear 
resistance materially. If the standard 2/60’s fabric is woven 
in a 2x2 basket, the dope penetration is such as to cause an 
extremely low tear resistance. The small crimp in such a 
fabric makes it dope up very tightly. 


Bursting Test. The curves, Fig. 10, represent the pressure- 
deflection properties of the center point of the fabric when 
subjected to air pressure, as previously described, The de- 
flection at any load of the fabric undoped is larger than that 
of the dope film. The deflection of the doped fabric is less 
than the deflection of either the fabric or the film. This 
further substantiates the theory that tautness is produced by 
the dope constraining the yarns in their crimped condition, 
and that in the standard fabrics the elastic limit of the dope 
is not exceeded. It will be observed that the cotton fabric 
is capable of resisting more pressure than the linen, and it 
will have, therefore, a higher factor of safety. The fabric 
tautness is practically the same as that of the linen. 


Tear Resistance. From an examination of the distortion 
of the lines about a tear, it is concluded that the tear resist- 
ance is a function of the strength of the individual yarns 
and the number being stressed. The number of yarns being 
stressed is dependent upon the load-stretch relations of the 
fabrie and the weave structure. To illustrate the effect of 
doping and weave structure on the tear resistance, let us 
consider two fabrics: (a) Standard 2/60’s mercerized, 80 
square, plain weave; (b) 2/60’s mercerized yarn, 80 square, 
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2x2 basket. The tear resistance of the 2x 2 basket is greater plain-weave fabric in the doped condition. The addition of 
than the plain-weave fabric in the undoped condition. plasties to the dope or the prevention of extreme dope pene. 
The tear-resistance of the 2x2 basket is less than the tration in the 2x2 basket will increase its tear resistanee 


very materially. The reasons for these differences in tear 
resistance may be readily conceived from a consideration of 
the foregoing discussion. 

Silk. The strength per unit weight of the silk fabrics has 
suggested an interesting study of its adaptability to airplane 
wing coverings. Fig. 11 represents the load-stretch diagram 
of an undoped silk fabric made from a Chinese steam fila- 
ture silk and is representative of all silk fabrics made from 
what may be termed line silk. The curve shows a radical 
yield point and excessive stretch, and therefore is not a logi- 


i eal airplane-wing covering material, It also indicates ex. 
i tremely inelastic properties, which hysteresis determinations 
E substantiate. 

, The silk sehappe fabrics do not indicate a yield point, 
F but do in most eases have excessive stretch. They would, 
3 however, make very good wing coverings. Doped silk fab. 


ries are caused to become loose upon exposure to damp 
weather, and in many eases a rot develops on the inside of 
the yarn. Both of these objectionable features will prob- 
ably be overcome in the near future. 

Further experiments are being conducted to determine the 
properties of airplane fabrics which have to do with the cal- 
culation of the exact performance of any fabric under any 
assumed condition of flight, which will inelude the effects 
of various rib spacings, wing deflections, vibrations, and the 
Fie. 11. Loap-SHurrte DiaGram oF Unpopep Sik Fapric effects of various fabrie structures. 

















Personnel of the American Air Services 


Personnel of the Army Air Service On July 1, 1918, there were 823 naval aviators, approxi- 
yee ; mately 2052 student officers, and 400 ground officers attached 
In the report of the Secretary of War that has just been to naval aviation. In addition, there were over 7300 trained 








made public, the following interesting statistics are given mechanies and over 5400 mechanics in training. The total 
regarding the personnel of the Air Service from April, 1917, enlisted and commissioned personnel at this time was about 
to May, 1918: 30,000. 
Personnel Data from the Report of the Chief Signal Officer Follows. 
—_ 1917 ; 1918 
i April June July Aug. Sept. Oct Nov Dec. Jan. Feb. March April May Total 
DED ce cacicveoesncs SRheeSORRMRO DEMS ees 127 71 t44 30 1,124 701 856 1,454 1,145 54 1,640 8,146 
PPC TeT TET ITE ; re 32 94 38 2 74 330 327 333 663 434 2,206 1,652 1,737 7,938 
rR ee te ek Caw e «eae 52 94 165 69 518 860 1,451 1,034 1.519 1,888 1.706 3.377 16,084 
eS I Se ee er a “et scos 2GS 562 628 646 785 176 504 70 534 5,153 
Enlisted men .. bubahe wea erry 1,100 10 8,997 9,491 578 1,891 14,167 51,191 4,875 17,072 4.378 9,832 142,779 
Civilian employees' ....... BPP er Pere ee 210 414 239 473 655 746 665 S52 S70 972 1,473 920 9,838 
Plane and engine contractors employees. . , 7,298 967 926 2,121 1,622 3,234 5,224 8,609 9,272 5,929 8,047 56,808 
Examining boards* ........ 5 aC 8 4 ‘ a 5 5 2 20 18 17 5 10 5 23 
Ground schools Pee tenens ne esed S aye ian 1 7 
Flying schools ........... ; a 2 2 1 1 2 1 i) ‘ 2 5 25 
Balloon schools .......... - 1 ! 1 2 ; 5) 
Photographic schools .. ; ; 2 2 Pies ates + 4 
Sehools for mechanics................ ; 6 1 Ss 11 2 . es 15 
Hours flown ........ ; ‘ a .. 6,863 6.707 8,808 11,965 24,891 50,807 57.212 81.356 98,358 346,967 
Flying deaths (United States)..... ea? aes 3 , $ 5 2 i Ss 10 26 20 18 26 126 
Includes about 13 per cent of Signal Corps proper \pproximate. 
Nore—Squadrons trained, equipped, and on fighting front, June, 1918, 8; July, 1918, 40; August, 1918, 52; September, 1918, 58. 
Report of the Secretary of the Navy Of untold importance during the year was the establish 
; ment and placement under operation of naval air stations 
In the annual report of the Secretary of the Navy, which at all the strategic and important points on the coast of the 
has just been made available, the following information re- United States. Likewise, a station was established in the 
garding Naval fliers is given : Canal Zone. As a result of those activities, the larger part ol 
Of gratifying proportions and effectiveness have been the the American coast has been coastantly patroled by naval 
expansion of aviation in the Navy. aircraft. Furthermore, the Navy Department has already 
On July 1, 1917, naval aviation was still in its infancy. planned and is fully prepared to establish enough additional 


At that time there were only 45 naval aviators. There were stations to so complete the system that every foot of the 
officers of the Navy, Marine Corps, and Coast Guard who coast of the United States can be thoroughly and constantly 
had been given special training in and were attached to avia- patroled. Many of the stations now in operation are 
tion. There were approximately 200 student officers under equipped not only with seaplanes but also with dirigibles 
training and about 1250 enlisted men attached to the Avia- and kite balloons. The extent of activities that are being 
tion Service. These enlisted men were assigned to the three carried on can be readily illustrated. Thus, during June, 
naval air stations in this country which were then in com- 1918, a total of 25,642 flights, covering about 2,155,860 miles, 
mission. Pensacola, Fla., had about 1000 men; Bay Shore, were made by seaplanes at stations along the United States 
Long Island, N. Y., which was put into operation at that coast. These figures include both patrol and training. Dut 
time, had about 100 men; and Squantum, Mass., which was ing that same period of time lighter-than-air craft made 4 
abandoned in the fall of 1917, had about 150 men. total of 613 flights, covering bout 56,420 miles. 
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$390,000,000 Asked for Aircraft 


Departmental estimates presented to Congress include 
$165,000,000 for Army and $225,000,000 for Navy aviation 
activities for the next fiscal year beginning July 1, 1919. 

The most striking equipment appropriation of the Army 
budget is for the air service. Under aircraft production a 
lump sum estimate of approximately $145,000,000 is sub- 
mitted, supplemented by an additional $20,000,000 for the 
air service itself. Last year the appropriations under these 
two headings were respectively $760,000,000 and $184,000,- 
000. Even with the great cut made because of the end of 
hostilities, the total of $165,000,000 now sought, however, 
shows that great stress is to be laid hereafter on aircraft 
development. 

Of the air service estimates, $11,400,000 is set aside for 
aviation equipment and $5,235,000 for maintenance of plants 
and stations and establishment of new ones. The production 
estimate is not shown in detail. An attached table, however, 
gives the following information on expenditures this year: 
Of a total outlay of $215,000,000 on material, $78,488,000 
went for airplanes and parts, another $77,000,000 for air- 
plane engines, and approximately $2,000,000 for balloons. 

Under fortifications a total of $574,237,000 is asked, against 
$3,099,799,000 this year. This estimate, however, carries 
much of the army artillery and ammunition expenditures in 
addition to strictly fortification outlays. The artillery item 
of the fortifications estimate is $532,145,000, against $2,795,- 
000,000 this year. A new appropriation of $31,684,000 is 
asked for aerial seacoast defenses. 

The Navy estimates provide an item of $225,000,000 for 
aviation, a slight increase over this year. They duplicate last 
year’s $2,665,000 for training camps and other reeruit and 
naval reserve instruction. 

Plans for the coastal air patrol, ineluding the purchase of 
four airships of the Zeppelin type, a dozen dirigibles and 
twelve dozen smaller balloons, as well as fighting airplanes, 
were related to the House Naval Affairs Committee Nov. 27. 
Navy officers said that $90,000,000 of the $220,000,000 appro- 
priated for naval aviation would be returned to the Treas- 
ury next July at the close of the fiseal year, 

The Navy Department, which has the coast patrol in charge, 
proposes to pay $1,500,000 each for the Zeppelins, which 
are regarded by Rear Admiral Taylor and Captain Steele, 
who are in charge of coast patrol, as being impressive in their 
work and particularly adapted to scout duty. Admiral Tay- 
lor said that during the war a Zeppelin flew from Germany 
to German East Africa to bring home a German commander 
who was stationed in the colony. However, the trip proved 
of no avail, as the British had already captured the com- 
mander. 

Twelve dirigibles will cost $250,000 each and the smaller 
workable balloons will cost $75,000 each. Also, for the 1920 
plans, the Navy Department will buy 108 fighting escort planes. 

Coastal defense is eagerly urged by the Navy Department. 
The officers testified that if the patrol had been completely 
organized last year the U-boats which menaced American 
shores would have been put to flight. 

Twenty-one stations are contemplated, some of which have 
heen built, and others are under construction. There will be 
stations commanding the Gulf, Pacifie and Atlantic coasts and 
in the insular possessions. One will be installed on the Maine 
coast, somewhere between Portland and Rockland. Others 
will be placed at Narragansett Bay, New York Harbor, Port 
Arthur, Tev.; San Francisco, Seward, Alaska; two in Hawaii, 
Guam, St. Thomas (West Indies) and the Panama Canal 
Zone. Stations are under construction at Camp Lookout, 
Moorehead, N. C.; Brunswick, Ga., and Galveston, Tex., while 
stations have been completed at Chatham, Mass.; Rockaway 
Beach, N. Y.; Cape May, Miami, Fla.; Key West, San Diego, 
Cal., and another also in California. 

lhe officers said that a non-inflammable gas for balloons 
had been discovered, which was so efficient that it could be 
fired into, through the gas bag, without eatching fire. The 
gas was said to cost a little more than hydrogen, but it was 
also said to leak less rapidly, and the officers thought the cost 
would be about the same. Admiral Taylor said that experi- 


News of the Fortnight 


629 


ments would be continued with the Kirkham triplane, which 
has made 160 miles an hour in trials. 


Machines for the Aerial Mail 


Operation of the new main trunk air mail lines will be 
directly under the supervision of the Post Office Department, 
and the machines will be flown by civilian aviators or released 
Army pilots. Feeder lines running in every direction from 
the main lines will be operated by the Air Service and the 
machines will be piloted by Army flyers. It is also known 
that the present intention of the Post Office Department is 
not to attempt an exclusively air line from New York to San 
Francisco. Instead the air mail will be delivered at Denver 
and from there carried by train across the Rockies, to be 
picked up by airplane again at some point to be selected 
west of the Rockies, It was pointed out that air mail leav- 
ing New York would catch at Denver the regular transconti- 
nental mail which left New .York twenty-four hours ahead 
of the air mail. 

Arrangements have been concluded for the Army to turn 
over to the Post Office Department 100 D, H.-4 Liberty ma- 
chines for use in immediately extending the airplane mail 
service. These machines will enable the Post Office Depart- 
ment to extend its trunk lines, while the cooperation of the 
Air Service will insure the early operation of numerous 
feeder lines. 

Twelve 100-foot wing spread Handley Page twin Liberty 
machines and 12 Glenn L. Martin 70-foot wing spread twin 
Liberty machines are to be the first large weight carrying 
machines to be placed in the Air Mail Service. Engines and 
all parts for the former are now being assembled. One com- 
pleted machine, built by the Standard Aireraft Corporation 
of Elizabeth, N. J., is ready for its first mail flight. It is 
understood the other Handley Pages will be assembled at the 
Standard factory from parts fabricated on orders for 500 of 
these planes which were being shipped to the American Over- 
seas forces. ‘ 

Ever since the projected air mail route between New York 
and Chicago was announced by the Post Office Department, 
doubt has been expressed in various quarters as to the prac- 
ticability and safety of the air line through the mountainous 
region of Pennsylvania. This involves a stretch of rough and 
wooded mountains of about 60 miles between Bellefonte, Le- 
highton and Clarion, Pa. 

Through the active cooperation of the Manufacturers’ Air- 
eraft Association with the Air Mail Service, a survey of this 
region has been undertaken by the Association looking to locat- 
ing and securing title to six tracts of land which will be put 
in shape for landing stations. This work is being done directly 
by the Association and at its expense. 

The location of these fields, it is expected, will provide an 
emergency landing every 10 miles for not only the mail planes, 
but for regular commercial air lines between the Eastern cities 
and Cleveland, Detroit, Chicago. 

It is expected that the first extension of the new service will 
be from New England to the Far South. The coast-to-coast 
route is expected to be taken up next. Not less than fifty 
aerial mail lines, with the employment of at least 1000 military 
aviators, will probably be established within a few weeks. 

The Chicago-New York air mail service is to be started on 
Dec. 15. A Handley Page machine is to be used for carrying 
the mail from this end. The Elizabeth terminus on the field 
of the Standard Aireraft Corp. will be used, and mail arriving 
there will be transferred to New York City by special train. 
This field is now the New York terminus of the Washington 
service. 


Pardons for Cols. Mixter and Vincent 


President Wilson just before he sailed for France author- 
ized the announcement ‘that he had pardoned Lieut. Cols. 
George W. Mixter and J. G. Vincent, whom the recent re- 
port submitted by Charles E. Hughes, after his investigation 
of aircraft production, declared to be guilty of violation 
of a section of the criminal code which prohibits any person 
interested in profits or contracts of a corporation from act- 
ing as an officer or agent of the Government for the transac- 
tion of business with that corporation. 
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Liberty Fuel Cheaper Than Gasoline 

Major O. B. Zimmerman, Director of the War Depart- 
ment’s research and development division, has given out some 
fact about “ Liberty” fuel, discovered by army engineers and 
described as vastly cheaper than gasoline and having more 
power. 

The new fuel oil, which will soon be on the market, was 
discovered after five months of experimentation by army of- 
ficials on the qualities of gasoline for motor power. Its base 
is kerosene, with other ingredients of a low cost, and pro- 
duced in quantity in this country. The process of manufac- 
ture is exceedingly simple, and the fuel can be used in all 
kinds of motor-driven vehicles. 

Major Zimmerman, who with Capt. E. C. Weisgerber, of 
the gas and oil production division of the War Department, 
is eredited with the new discovery, summarized its advantages 
as follows: 

It will start easier than gasoline. 

Leaves no residue of carbon, soot, ete. 

Explodes at temperatures below zero. 

Is capable of greater mileage per gallon than gasoline. 

Safe against premature explosion, igniting only from spark 
or flame. 

Its combustion requires less oxygen than gasoline. 

Can be manufactured for less money than gasoline. 

It can be used in automobiles without any change in the 
carburetor and without detriment to the ear. 

Developed in connection with the Liberty engine, it has 
shown itself superior to gasoline as an airplane fuel. It has 
17 per cent higher fuel economy than export gasoline. 

One of the Bureau of Standards’ reports showed that a 
three-ton truck ran 286 miles, averaging six and one-third 
miles to a gallon of gasoline, 63.5 miles a quart for lubrication 
oil and eight and a half gallons of water. With Liberty 
fuel the truck averaged 10.4 miles on a gallon of fuel, 103.1 
miles a quart of lubricating oil and two gallons of water. 


Loening’s Monoplane a Success 

Major-Gen. William L. Kenly, Director of Military Aero- 
nautics, has announced the receipt of information from Day- 
ton, Ohio, that the Loening two-seater monoplane in recent 
tests there developed 145 m. p. h., with ful! military load, 
including four guns, which is in excess of any record made 
by a European single-seater combat machine. The Loening 
plane in these tests also climbed 25,000 ft., carrying two pas- 
sengers. 

This machine is equipped with a 300 hp. American His- 
pano engine built by the Wright-Martin Corp. 

The design of the machine is entirely original and a dis- 
tinct American development which has finally been declared 
by experts to be one of the most advanced designs yet 
brought out. The simplification of the machine for the pur- 
pose of production is such that it requires one-tenth the num- 
ber of parts of the ordinary European design. All wire 
stays have been eliminated and the monoplane type of struc- 
ture for the first time rendered as strong and rigid as any 
biplane without losing any of the well-known advantages of 
the monoplane. 

To Encourage Trans-Atlantic Flight 

To encourage a trans-Atlantic flight by an American de 
signed and built airplane, Inglis M. Uppercu, president of 
the Aeromarine Plane and Motor Corporation, has author- 
ized Chas. F. Willard, his chief engineer, to announce the 
company’s willingness to undertake the design and construe- 
tion of a machine capable of accomplishing this flight for 
any individual, organization or company, at actual cost of 
material and labor only. Mr. Uppercu, who has always been 
prominent in promoting bicycle, automobile and flying events, 
believes that unless active steps are taken at once in this 
country, an English, French, Italian or even German airplane 
will be first to cross the Atlantic. This view is understood 
to be based on first hand knowledge obtained by Mr, Willard 
during his recent trip to Europe as a member of an Amer- 
ican aeronautiec commission sent over by this Government. 


Test Trip of the Christmas Plane 
A new airplane, the invention of Dr. William W. Christ- 
mas of Washington, D. C., was tried out at Central Park 
on the east end of Hempstead Plains December 6. 
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C. F. Kettering’s Dinner Engagement 

Calling up New York City from Dayton, Ohio, at 19 
o'clock in the morning, making an engagement for dinner 
and the theatre in the metropolis for that evening and keep. 
ing it, was the exploit November 30th of C. F. Kettering, 
vice-president of the Dayton-Wright Airplane Co, and pregj- 
dent of the Society of Automotive Engineers, and Howard 
M. Rinehart, chief pilot of that company. The next day they 
eame to Washington in proportionately the same time. 

Breaking of all non-stop airplane flight records in the 
United States was necessary in order that they arrive on 
time. 

The trip was made in a De Haviland-4 army ’plane equipped 
with a 12-eylinder, 400-hp. Liberty engine. 

From the time the big two-seater arose from the experi- 
mental field south of the plant in Dayton until it was parked 
in one of the hangars at the Mineola flying field, near New 
York, just four hours and ten minutes elapsed. The distance 
from Dayton to New York is 550 miles. Slightly more than 
134 miles an hour was the average for the trip. 


Fifty Passengers on the NC-1 


It is announced from Washington that an NC-1 plane of 
the United States Navy broke the world’s record for passen- 
ger-carrying capacity at the Naval Air Station, Rockaway, 
N. Y., on November 27, when a flight was made with fifty 
men on board. The flight was for the special purpose of 
demonstrating the plane’s lifting eapacity. Lieut. David H. 
McCullough, U. S. N. R. F. C., was the pilot. 

The NC-1 is the first American flying boat with three 
Liberty engines, which develop a maximum of 1200 hp., and 
give a cruising speed of about 80 m. p. h. 

The design and the construction of the NC-1, with its 
triple engines, huge size and other distinctive features, was 
earried out by the Navy in cooperation with the Curtiss 
Engineering Corp. 

The NC-1 made her trip from Rockaway to Washington, 
about 350 miles, in 5 hours and 20 minutes. 


Changes in the Dept. of M. A. 


Col. Arthur Woods has been appointed Assistant Director 
of Military Aeronautics. Colonel Woods, who was Chief of 
the Personnel Section, Division of Military Aeronautics, is 
the immediate successor of Col. Gerald C. Brant. The ap- 
pointment of Colonel Brant, however, was only temporary, 
and therefore, according to the records of the Division, 
Colonel Woods is officially the successor of Col. Henry H. 
Arnold. 

Colonel Brant has been appointed chairman of a Board to 
work out and recommend plans for the permanent organiza- 


tion of the air forces. 
Colonel Woods has been succeeded as Chief of the Per- 
sonnel Section by Lieut.-Col. Rush B. Lineoln, formerly 


Exeeutive Officer of that section. 
Glenn Martin Bomber’s Flight 


A big Glenn Martin daybombing plane, which left Cleve 
land, Ohio, on December 5, on its 430-mile trip to Washing- 
ton, arrived at 12:25 the next day at Bolling Field, having 
been delayed over night at Avonmore near Pittsburg, Pa., by 
a snow storm. The last leg of the flight—175 miles, from 
near Pittsburg to Washington—was made in one hour and 
fifteen minutes, which included a elimb through snow clouds 
to an elevation of 12,000 ft. 

Major Harley W. Lake, pilot, who acted as observer and 
inspector for the Division of Military Aeronautics, states 
that this is the fastest flight ever made by a machine of 
this type. 

No Licenses for Civilians Now 


Inquiry at the War and Navy departments brings out the 
fact that civilian flying licenses are restricted to the Red 
Cross and manufacturers’ test pilots for the Army and 
Navy. 

[It is unlikely that there will be any modification of this 
order for some time to come. 
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The efficiency of the Curtiss Flying Boats and the 
patriotic enthusiasm of Curtiss men who have made them, 
will stand as permanent expressions of true Americanism 
in the history of the Great War. 
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The Air Transport Number 
of 


Aviation and Aeronautical Engineering 


January I, I9I19 





will present: 


All available information bearing upon the policy of the 
United States for its permanent military aeronautical estab- 
lishment and the plans of.the Post Office Department, Rec- 
lamation and Forestry Services, Coast Patrol and Geodetic 
Survey, etc. 


Plans of the manufacturers for creating a commercial de- 
mand. 


Special articles which will contain a fund of information and 
suggestions as to possible markets for American aircraft in 
the United States and abroad, and how to reach those markets. 
Views of the leading men of the industry, of Government 
officials, army and navy officers, as well as representative 
opinions from possible purchasers of aircraft for sporting 
and utilitarian purposes. 


The question of direct Government subsidies for commer- 
cial aircraft lines will be ably discussed. 


The latest American and foreign planes designed for or 
adaptable to commercial purposes will be illustrated and 


described. 


Progress at home and abroad in diverting surplus military 
aircraft to peaceful pursuits and the agencies working to this 
end. 


The solid and authoritative material in this special issue will pre- 
sent the true status of the American aircraft art and be a guide for 
Congress in considering appropriations for aeronautics and co- 
operating agencies in properly presenting this subject to the 


public. 


The January Ist Issue will close December 26th 


AVIATION AND AERONAUTICAL ENGINEERING. 
120 West 32nd Street, New York 
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a counterbalanced aviation 
crankshaft.... 


Patented July 10th, 1917 


one of the 18 different 
models we are now making 
for 14 aviation motor companies .. . 


reduces vibration and eliminates bearing pressure 
We have shipped 44,157 Aviation Crankshafts to December 4, 1918 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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ERIE STANDARD 


Aircrart Mera Parts 


DEPENDABLE SERVICE 
QUANTITY- PRODUCTION 


Our plant at Erie—the largest of its kind—specializes on AIRCRAFT 
BOLTS, NUTS and CLEVIS PINS conforming to Government 
Specifications. 

A product as near 100% perfect in quality and machine practice as the 
human element will permit. 

Please request our New York Office to send you copy of our catalogue. 


ERIE SPECIALTY COMPANY. 


& West 40 St., New York City 
Main Plant Erie,Pa. 














Let Us Quote 
You On 


“SPECIAL” PARTS 


We want you to know that one of 
the largest departments of our busi- 
ness is devoted to the making of all 
manner of special parts for manu- 
facturers. 


Screw Machine and Lathe Work; 
Die and Sand Castings; Drawn or 
Stamped Parts; Forgings; Spun Brass 
Flanges, Ferrules, etc.; Wood Turn- 
ings, etc., ete. 

Why not send us samples and 
specifications of your next require- 
ments and will try to make it worth 
your while. 


HAMMACHER, 
SCHLEMMER & CO. 


HARDWARE, TOOLS AND FACTORY SUPPLIES 
New York, Since 1848 4th Ave. & 13th St. 
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The victory has been won. 


Our part was small, but we 
are proud of it. 


All the resources of our labora- 
tory, our staff of experts, our fac- 
tory and experienced workmen 
were at the service of the govern- 
ment. 


We did our utmost in making 


Rubber Parts 
for Aircraft 


The knowledge we gained, the 
rich experience and our increased 
facilities are now ready to serve all 
manufacturers of aircraft. 


We are equipped to make stand- 
ard rubber parts in quantities or 
to develop new ideas for the use 
of rubber parts in aircraft. 


Send in your suggestions. Our 
experts will cooperate with 
you to the fullest extent. 


Write to 


DURAL RUBBER CORPORATION 
FLEMINGTON, N. J. 


“DBURAL-Above All” 
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Finding the R. P. M. 
of Airplane Motors 


You have the opportunity to replace the time 
and labor waste of the preliminary block test 
by a handy application of the 


Newer 


SPEED COUNT ER 








Simply hold the Veeder “against revolving propeller shaft; apply 
slight pressure the moment you start timing; release pressure when 
minute is up. Clutch starts or stops recording mechanism in- 
stantly, giving accurate readings without need of stop-watch. 


Price, $3.00. 


Veeder Counters for recording the production of machines 
are standard for all industrial purposes. Send for booklet. 


The Veeder Mfg. Co. 


56 Sargeant St., Hartford, Conn. 














Air Service Journal 


The National 
Aeronautic Newspaper 


Prints all the news of the Air Serv- 
ice, the Industry every week. Read 
it and keep posted. 


Two Dollars a Year for 52 issues; Six Months, 
One Dollar 








AIR SERVICE JOURNAL, 


120 West 32d Street, New York. 


Enclosed is $......, for which send me Arr SERVICE 
SNE OE ae voc enaae naceeees 
pe PO eee Ree TEE CRO E eee ree 
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Aeronautical Trade Directory 


AVIATION AND AERONAUTICAL ENGINEERING will furnish 


information and addresses of companies listed below. 
Names of Advertisers in this issue are printed in capitals, 
See Index to Advertisers on page 649 











ACCESSORIES AND 
INSTRUMENTS 


Advance Felt Specialty & Cut- 
ting Co. 

International Aeronautical In- 
strument Corp. 

Johns-Manville, H. W., Co. 

King, Julius, Optical Co. 

The Moto-Meter Co. 

National Gauge & Equipment Co. 

Nelson Blower & Furnace Co. 

O’Hara Waltham Dial Co. 

Queen-Gray Co, 

Rieker, Walter. 

Sperry Gyroscope Co. 

Standard Aeronautical Co. 

Stewart-Warner Speedometer 
Corp. 

fAYLOR INSTRUMENT COM- 
PANIES 

VEEDER MFG. CO. 

Western Electric Co. 


AIRPLANES 


Aeromarine Plane and Motor Co. 
Blackhawk Airplane Co. 
Blanchard-Radley Aircraft Co. 
Boeing Airplane Co. 

Breese Aircraft Corp. 

THE BURGESS COMPANY 
Continental Aircraft Corp. 


CURTISS AEROPLANE & 
MOTOR CORP. 


CURTISS ENGINEERING CORP. 
— AIRPLANH 


Des Lauriers Aircraft Corp. 

Dewey Aeroplane Co. 

@ngel Aircraft Co. 

Fisher Body Corp. 

Fowler Airplane Corp. 

Gallaudet Aircraft Corp. 

Lanzius Aircraft Co. 

Lawrence-Lewis Aeroplane Co. 

Lawson Aircraft Corp. 

Lewis & Vought Corp. 

Liberty Iron Works 

Loening Aeronautical Eng. Corp. 

Lomgren Aeroplane Co. 

L. W. F. ENGINEERING CO. 

Martin Aeroplane Factory 

MARTIN, GLENN L., CO. 

Michigan Aircraft Corp. 

Ordnance Eng’ring Corp. 

Patterson Aeroplane Co. 

Peirce, Sam’! S., Aeroplane Corp. 

RUBAY CoO. 

St. Louis Aircraft Co. 

Smith, Kyle, Aircraft Co. 

Sperry, Lawrence, Aircraft Co 

Springfield Airplane Co. 

STANDARD AIRCRAFT CORP. 

Sturtevant Aeroplane Co. 

THOMAS-MORSE AIRCRAFT 
CORP. 


The Willys-Morrow Co. 
WITTEMANN-LEWIS AIR- 
CRAFT CO. 


Whittemore-Hamm Co. 
WRIGHT-MARTIN AI RCRAFT 
CORP. 


AIRPLANE ENGINES 
Aeromarine Plane and Motor Co. 
Ashmusen Mfg. Co. 

Continental Motors Co. 
CURTISS ABROPLANE & 

MOTOR CORP. 

Detroit Gas Turbine Corp. 


(Continued on page 639) 


DUESENBERG MOTOR CORP. 

General Ordnance Co. 

General Vehicle Co. 

Gyro Motor Co. 

HALL-SCOTT MOTOR CAR CO. 

Kemp Machine Works. 

Kessler Motor Co. 

Nordyke & Marmon. 

Packard Motor Co. 

Roberts Motor Mfg. Co. 

Rolls-Royce, Ltd. 

Sterling Engine Co. 

Sturtevant, B. F., Co. 

Trego Motors Corp. 

THOMAS - MORSE AIRCRAFT 
CORP. 

UNION GAS ENGIND Co. 

Van Blerck Motor Co. 

Willys-Overland Co. 

WISCONSIN MOTOR MFG. CO. 

World’s Motor Co. 

WRIGHT-MARTIN AIRCRAFT 
CORP. 


AIRPLANE PARTS 
Aircraft Parts Mfg. Co. 
American Body Co. 

Astoria Veneer Mill & Dock Co. 

Barcalo Mfg. Co. 

Buffalo Pressed Steel Co. 

Century Telephone Construction 
Co. 

Chicago Aeronautical Supply Co. 

Dayton Metal Products Co. 

ERIE SPECIALTY CO. 

General Aluminum & Brass Mfg. 
Co. 

GENERAL BAKELITE CoO. 

Holbrook Co, 

Kawneer Mfg. Co. 

KING SEWING MACHINE CO. 

Levett, Walker M., Co. 

New Jersey Veneer Co. 

Pressed & Welded Steel Products 
Co. 

Rogers Construction Co. 

Standard Parts Co. 

Welch Mfg. Co. 

Whittemore-Hamm Co, 

Widman, J. C., & Co. 

Willys-Morrow Co. 

Wilson Cabinet Co. 


ALUMINUM 


Acieral Co, of America 
ALUMINUM BRAZING SOLDER 
co. 


Aluminum Castings Co. 
ALUMINUM CO. OF AMBRICA 
American Metal Co., Ltd. 
General Aluminum & Brass Mfg. 
Co. 
Levett, Walker M., Co. 
Leygrand & Co. 
McAdamite-Aluminum Co. 


SO-LUMINUM MFG. & ENG. CO. 
(SOLDER) 


STIMPSON, EDWIN B., CO. 
United Smelting & Aluminum Co. 


AVIATION SCHOOLS 
DEWBRY AIRPLANE CO. 
Michigan State Auto School 
Morris, Bud Airplane School 
Penn. State School of Aero- 

Mechanics 
West Side Y. M. C. A. 
Whittemore-Hamm Co. 
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Type C-20 
x Propeller 
YY Boring 

Machine 


A recently per- 
fected machine for 
automatically boring 
the necessary holes in 





the modern aeroplane 
propeller hub in one 
operation. Extremely durable, compact, and effi- 
cient. Does absolutely accurate and uniform work. 
Specially designed so that no oil can get on and 
injure the stock. Either belt or direct motor drive. 


Send today for complete details 


PB. Gates Machine Co. 


BELOIT. WISCONSIN, U.S.A. 


Elastic Aviation Cord 


For Shock Absorbers on Airplanes 





We originated and have developed 
this special heavy elastic cord for air- 
plane shock absorbers. 

We are the largest manufacturers 
in on world of Heavy Blastic Cord 
and owing to our factory capacity we 
can make prompt deliveries. 


Samp ies om request 


J. W. WOOD ELASTIC _WEB Co. 


FACTORY: STOUGHTON, 


OFFICES 
45 Maet 17TH Srepet. ....+s+ e+ «© © « Naw Yore 
a” eee ee ee eee ee ee 1caeo 
82 Sr. Purun Stemeer. ....+-.-s MONTREAL, Canada 

















Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
ome tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO.,34 Commerce St., N.Y. 














DS 
TURNBUCKLES 


of the 


Highest Quality 


to Meet the Most 
Exact Requirements 


Standard Turnbuckle Company 
CORRY, PA. 





New York Office: Woolworth Building 


—— le | 
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Aeronautical Trade Directory—Continued 


BALL BEARINGS 


THE FAFNIR BEARING CO. 
Gurney Ball Bearing Co. 
HESS-BRIGHT MFG. CO. 

NEW DEPARTURD MFG. CO. 
an COMPANY OF AMER- 


8. x =) BALL BEARING CO. 
U. 8. Ball Bearing Mfg. Co. 
BALLOONS: DIRIGI- 
BLES 


Burdette Oxygen Co. 
Connecticut Aircraft Co, 


Custer Specialty Co. (Stato- 
scope) 
Gas Bngineering Co. (Gas 
Plants) 


eqoprEs® TIRE AND RUB- 
United States Rubber Co. 


BAROGRAPHS AND 
BAROMETERS 

Green, Henry J. 

International Aeronautical In- 
strument Corp. 

Bussfield & Lorch 

®AYLOR INSTRUMENT COM- 
PANIES 


BEARING METALS 


Aluminum Castings Co. 

American Bronze Corp. 

FAHRIG METAL CO. 

Capen Aluminum & Brass Mfg. 
0. 


Levett, Walker M., Co. 
Magnolia Metal Co. 


BUSHINGS 
Aluminum Castings Co. 
American Bronze Corp. 
Bound Brook Oil-less Bearing Co. 


CARBURETORS 
a. & N. Mfg. Co. 
Master Carburetor Co. 
Miller Carburetor Co. 
Stromberg Motor Devices Co. 
Wheeler & Schebler 
ZENITH CARBURETOR CO. 


CLOCKS AND 
WATCHES 


Chelsea Clock Co. 


Depollier, J., & Son 
ton Watch Co. 


Ingersoll, Robert H., & Bros. 
Waltham Watch Co. 


CLOTHING 
Abercrombie & Fitch 
Cross, Mark 
N. Y. Sporting Goods Co. 
Rainwear Co. 

Rogers, Peet & Co. 
Sanders Company 
Spalding, A. G., & Bros. 


COMPASSES 
Sperry Gyroscope Co. 
Star Compass Co. 
TAYLOR INSTRUMENT COM- 
PANIES 


DOPE AND VARNISH 
Adams & Ellting Co. 
American Bmaillite Co. 
Brooklyn Varnish Mfg. Co. 
CERTUS COLD GLUE CO. 
Chemical Products Co. 
Conover, The C. B., Co. 

Du Pont Chemical Works 
Flexible Compound Co. 
Harland, Wm., & Son 
Howe Varnish Co. 

Lucas, John, Company 
Masury, John W., & Son 
Perry-Austen Company 
PRATT & LAMBERT 





(Continued on page 641) 


SHERWIN-WILLIAMS CO. 
Smith, Hdward, & Co. 
Standard Varnish Works 
Valentine & Company 
Weeks & Co. 


DRIFT INDICATOR 

Sperry Gyroscope Co. 
DRY KILNS 

Cutler Dry Kiln Co. 
Drying Systems, Inc. 
GRAND RAPIDS VENEER 

WORKS 

DYNAMOMETER 


Sprague Electric Works 


ENGINE PARTS 
Allegheny Forging Co. 
Aluminum Castings Co. 
ANDERSON FORGE & MA 

CHINE CoO. 
Barcalo Mfg. Co. 
Brooks Machine Co. 
Buffalo Pressed Steel Co. 


Burd High Compression Ring Co. 
Crosby Steam Gage & Valve Co. 


Dallet, Thos. H., Co. 
DOEHLER DIE 
ERID SPECIALTY CO. 
Fibre Finishing Co. 


a. ay Aluminum & Brass Mfg. 
0. 


Gifford, Leland, Co. 

Gill, P. H., & Sons 

Hayes Mfg. Co. 

Hydraulic Pressed Steel Co, 

Levett, Walker M., Co. 

Meisel Press Mfg. Co. 

PARK DROP FORGE CO. 

Pressed & Welded Steel Products 
Co. 

Standard Parts Co. 

STIMPSON, EDWIN B., CO. 

Taft-Peirce Mfg. Co. 

Tioga Steel & Iron Co. 

Williams, J. H., & Co. 

Whitman & Barnes Mfg. Co. 

WYMAN-GORDON CO. 


ENGINEERING 
Automotive Engineering Co. 
Ordnance HBngineering Co. 
White, J. G., Engineering Corp. 

FABRICS 
Courtrai Mfg. Co. 
Hutchinson, Scott Co. 
Lamb, Finlay & Co. 
McBratney, Robt., & Co. 
Whitman, Clarence & Co. 


FELT 


Aqpenes Felt Specialty & Cutting 


‘0. 
Booth Felt Co. 
Western Felt Works 


FIRE EXTINGUISHERS 
Fyr-Fyter Co. 

Johns-Manville, H. W., Co. 
Pyrene Mfg. Co. 


GAGES 

Advance Felt Specialty & Cut- 
ting Co. 

BOSTON AUTO GAUGE CO. 
Crosby Steam Gauge & Valve Co. 
FOXBORO CO., INC. 
Greenfield Tap & Die Corp. 
United States Gage Co. 


GASKETS 
Advance Felt Specialty & Cut- 
ting Co. 

Booth Felt Co. 
Fibre Finishing Co. 

GLUE 
Armour Glue Works 
Baeder & Adamson 
CERTUS COLD GLUE CoO. 
FERDINAND, L. W., & CO. 
Widman, J. C., Co. 
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KAISER (loq.)- “ 
height on so cold a morning the 
lubricants do not freeze?” 


How is it at such a 


GEN: HOPPNER: “ The British have 
discovered the secret which we 
have been seeking for months.” 

Vide" Daily Mail,” see above. 


C.D.C. 


Fr ae 
2 g3e 


A British 
Firm beats 


the Germans 
Tater ithe” tres Tosgltion bad dewended 





out, 
et ‘iat, 


THE SECRET 


Lye. Witness's A 








(Racing) 


was the lubricant used. 


Castroi“R" 8 the lowest cold 
test of any Elown here Aero Engine Oil. 





C. C. WAKEFIELD & CO., Ltd. 
(Sir Charles Wakefield, Bt., Governing Director) 
WAKEFIELD HOUSE, CHEAPSIDE 
LONDON, E.C.2. ENGLAND 














Ts 


Airplane 


Propellers” 


The first complete book 
in catalogue form ever 


published in the world. 


It describes over three hundred airplane 


propellers of the 


most ‘practical types 


and twenty helicopter propellers; also 


contains laboratory experiments on 


helicopter propellers and much useful 


data on general air dynamics. 


Price $1.50 Prepaid 


JACUZZI 


BROTHERS 


2034 San Pablo Ave., Berkeley, Calif. 






















King Sewing Machine 
Company 


BUFFALO, N. Y. 


Large producers of screw ma- 


chine products, 


plane bolts, 


nuts, 


especially aero- 


clevis pins, 


clevises and universal joints. 


Contractors to Bureau of Ajir- 


craft 


Production. 


Government 


specifications and inspection. 


We solicit your inquiries. 



































CERTUS 

















TIRADE MAT 


Certus 


Cold 
Glue 


A product absolutely in 
a class by itself 


The Glue with a Grip 
that never lets go— 


WATER PROOF 
HEAT PROOF 


We want every user of glue 
to get acquainted with Cer- 
tus Cold Glue. We urge a 
trial order being confident 
that its simplicity of prep- 
aration for use, its perform- 
ance, its money and time 
saving, will add you to our 
growing list of satisfied 
users. 


Mixed Cold—used Cold 


Write today 


Certus Cold Glue Company 
Detroit, Mich. 
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is the source of its marvelous 
light-giving power, making “Go 
adium mines plainly visible in the dark our Laboratory il 

everything on which Marvelite is applied. 





To Instrument Manufacturers: 


What instruments do you make which would give 
better service if they could be seen in the dark? Our 
laboratory is at your disposal for experimental pur- 
Let us know what you want to accomplish, 
and we will work with you, without charge, to find 
a solution. 


Send for booklet A, which contains 
valuable information on this subject 


COLD LIGHT MFG. CO. 
50 Union Square 33 


New York 
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WITTEMANN-LEWIS 
AIRCRAFT 


NEWARK, N. J. 


Main Office and Factory: 


Telephone, 


COMPANY 


AONUVUUUAU0 OE 


Lincoln Highway 
near Passaic River 


Market 9096 
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GOGGLES 
Hardy, F. A., Co. 
Meyrowits, B. B. 
STRAUSS & BUEGELBISEN 
Strong, Kennard & Nutt 
Triplex Safety Glass Corp. 
Willson, T. A., & Co., Inc, 


HANGARS 


American Bridge Co. 

Anchor Corrugating Construction 
Co. 

Ashley Steel Bldg. Co. 

Austin Co., The 

Barney, John M. 

Howell, Field & Goddard, Inc. 

Keasby & Mattison 

Mulliken Brothers 

Pruden, The C. D., Co. 

Steel Fabricating Co., The 

Virginia Bridge & Iron Co. 


HOISTS 


Yale & Towne Mfg. Co. 


IGNITION 


Philips-Brinton Co., The 


LIFE PRESERVERS 


Robinson-Roders Co. 
Universal Safety Mattress Co. 


LUMBER 


Alcock Co., John L. 

American Balsa Corp. 

Astoria Veneer Mills & Dock Co. 
Chetham Lumber Co 

Delatour, J. 

Dutton, A. C., Lumber Corp. 
Ludlow, Israel 

Mengel, C. C., & Bros. Co. 

New Jersey Veneer Co. 

Bheip & Vandergrift 


LUMINOUS COMPOUND 


COLD LIGHT MFG. CO. 

Cummings, W. L., Chemical Co. 

RADIUM DIAL CO. 

BADIUM LUMINOUS MATHB- 
RIAL CORP. 


MACHINERY, METAL 
WORKING 


DALTON MFG. CORP. 
Defiance Machine Works 
FOX MACHINE Co. 
Warner & Swasey Co. 


MACHINERY, WOOD. 
WORKING 


Curtis Machine Corp. 

Defiance Machine Works 

Fay, J. A., & Egan Co. 

FOX MACHINE Co. 
Machinery Merchants, Inc. 
Mattison, C., Machine Works 
Uliney & Warrin 

Pryibil, P., Machine Co. 
YATES, P. B., MACHINE CO. 


MAGNETOS 


Berkshire Magneto Corp. 
Bosch Magneto Co. 
BRICSSON MFG. CO. 
Remy Dlectric Co. 
Splitdorf Blectrical Co. 


MANIFOLDS 
AJAX AUTO & AERO SHEET 
METAL €O, 
Pressed & Welded Steel Products 


METALS 


Aciera] Co. of America 
American Bronze Corp. 
American Vanadium Co. 
Bethlehem Steel Co. 
Betz-Pierce Co., The 

BLUM, JULIUS & CO, 
Buffalo Pressed Steel Co. 
Detroit Pressed Steel Co, 
Federal Pressed Steel Co. 
Garland Ventilator Co, 
Gueder, Paeschke & Frey Co. 
Kawneer Mfg. Co. 

La Salle Steel Co. 

Levett, Walker M., Co. 
Rumford Metal Co. 
SO-LUMINUM MFG. & ENG. CO. 
Standard Alloys Co. 

Steel Sales Corp. 

Steel Products Co. 
STIMPSON, EDWIN B., CO. 
Wheeler, Frank H., & Son 


MODEL AIRPLANES 
Ideal Aeroplane Supply Co. 
Wading River Mfg. Co. 


MOTORCYCLES 


Excelsior Motor Mfg. Supply Ce. 

Hendee Mfg. Co. 

Harley-Davidson Co. 

Militare Motor Vehicle Co. of 
America 


OILS AND LUBRICANTS 
BAKER CASTOR OIL CO. 
Graphite Lubricant Co, 

Gulf Refining Co. 

Sheppard Ideal Oil Co. 

Sun Co., The 

Standard Oil Co, 

Swan & Finch 

Texas Co., The 


Vacuum Oil Co. 
WAKEFIELD, C. C., & CO., LTD. 
PACKING 
Advance Felt Specialty & Cuot- 
ting Co. 


Booth Felt Co. 
Fibre Finishing Co. 


PHOTOGRAPHY 


Brock, Arthur, Jr. 
Herbert & Huesgen Co. 


PISTONS 
Aluminum Castings Co. 
Levett, Walker M., Co. 


PISTON RINGS 


American Piston Ring Co. 


PONTOONS 


Niagara Boat Co. 
Palmer-Simpson Co. 
Welin Marine Equipment Ce. 


PROPELLERS 


American Propeller Mfg. Co. 
American Sash & Door Co, 
Aviauto Mfg. Co. 

Breitung & Co., Ltd. 

Cc. M. O. Physical Laboratory 
Doyle, W. A. 

FLOTTORP MFG. CO. 
Hartzell Walnut Propeller Co. 
JACUZZI BROS. 

Jamestown Propeller Co. 
Lang Propeller Co. of America 
Steves Sash & Door Co. 


Reinforced Propeller & Insulating 


Co., The 


United States Aero Propeller Co. 


Washington Aeroplane Co. 
West Woodworking Co. 


(Continued on page 643) 
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ENUS 
PENCILS 


set the standard by, 
which all pencils 


are Judged 
OR smoothness, exact 
grading, correct temper of 


graphite, ease of marking and 
perfection for your every pur- 


pose, VENUS Pencils have 





no equals! 


17 black degrees 
6B softest to 9H hardest 
and 3 copying 


14c. OFFER! 
Send 14c. in stamps for $ trial 
samples. After you find how 
perfect they are, buy VENUS 
regularly at any dealer. 
American Lead Pencil Co. 
242 Fifth Ave., New York 


and Clapton. London, Eng. 
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Depend ble 


I Shetoe 


THE FAFNIR BEARING CO. 


CONRAD PATENT LICENSEE 


NEW BRITAIN, CONN. 


Ball Bearings 
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Damp and Fireproof vs “ — 
— 
Controlwork . —*s 









ORDER from TERRY’S to 
save TIME and TONNAGE 


















color—one color thro’—ex- 7 . 4 XN 
tremely flexible, yet not Y ’ Shi 


VY y 
easily chipped or cracked. Fire- V7 4 
proofed also. Y y 

Control wires are of high tension —Y 
steel cable. 

Complete controls, or separate 
parts, with or without ferrules, 
caps, etc., in lengths to order. 






AMPPROOF coverings, any ££ A 
YW 
Yj 







Yy 






ae 







\\ 













Correspondence or visit from responsible 


heads of departments with U. 8. forces in Wy y “lf ip pypypIpoywywpwo—y9_ J 


24.44/, ss Jy," 



























FUEL LEVEL ROME 
GAGES AERONAUTICAL 


RADIATORS 


Developed from years of experience in 
building all types of radiators. 

























This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 





of military training They possess every feature and qualifi- 

site cation necessary for a high grade 
product. 

Other types of gages 

in large quantities STRONG 

are “doing their EFFICIENT 

bit” as part of the DURABLE 





equipment of Eng- 
lish Government 
Warplanes. 


Used on the best American flying machines. 


Our engineering department is at your 


service. 
SPECIAL TYPES DESIGNED 
FOR YOUR ESPECIAL NEEDS. 


BOSTON AUTO GAGE CO. Rome- Turney Radiator Company 
8 WALTHAM STREET, BOSTON, MASS. Rome, N. Y., U. S. A. 
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PYROMETERS 
FOXBORO CO., INC., THB 
Moto-Meter Co. 

Shore ‘nstrument & Mfg. Co. 
fAYLOR INSTRUMENT COM- 
PANIES 


RADIATORS 
AJAX AUTO & AHRO SHEET 
METAL CO. 
A-Z Co. 
Bush Mfg. Co. 
Hi Arco Radiators Co. 
English & Mersick Co. 
Fedders Mfg. Co. 
Flexo Mfg. Co. 
Harrison Radiator Co, 
Livingston Radiator Co. 
McCord Mfg. Co. 
ROMH-TURNEY RADIATOR CO. 
= ROLLER BEARING 


RIVETS 
STIMPSON, EDWIN B., CO. 


SCELEROSCOPE 


Bhore Instrument & Mfg. Co. 


SHEET METAL 


FITTINGS 
BLUM, JULIUS & CO. 
Bogers Construction Co. 


SHOCK ABSORBERS 
DURAL RUBBER CORP. 
General Rubber Goods Co. 
Ohio Rubber Co. 
Russell Mfg. Co. 
WOOD, J. W., ELASTIC WHE 
co. 


SPARK PLUGS 
Bosch Magneto Co. 
Champion Ignition Co. 
Johns-Manville, H. W., Co. 
Rajah Auto Supply Co. 
Bilvex Co., The 
Splitdorf Blectrical Co. 


SPEED INDICATORS 
FOXBORO CO., INC. 
Johns-Manville, H. W., Co. 
Stewart-Warner Speedometer 

Corp. 


STABILIZERS 


Greene Aeronautical Co, 

Martin Aerodynamic Stabilizer. 

Sperry Gyroscope Co. 
STAMPINGS 

BLUM, JULIUS & CO. 


Enameling & Stamping Corp. of 
New York _— 


LANSING STAMPING & TOOL 
co. 

ewes Co., The A, 
STIMPSON, EDWIN B., CO. 


STARTERS 
Bijur Motor Lighting Co. 
Bosch Magneto Co. 
Christensen Engineering Co., The 
— Engineering Laboratories 
0. 
MOTOR-COMPRESSOR CO. 
Northeast Electric Co. 
Remy Blectric Co. 
Wagner-Hoyt Blectric Co. 


TANKS 


Janney, Steinmetz & Co. 


THERMOMETERS 
FOXBORO CO., INC., THD 
Moto-Meter Co, 

TAYLOR INSTRUMENT COM- 
PANIES. 

TIRES AND RUBBER 

DURAL RUBBER CORP. 

CosormaR TIRE & RUBBER 


Hodgman Rubber Co. 

United States Rubber Co. 

WOOD, J. W., BLASTIC WEB 
co. 

Whitley Exerciser Co. 


TOOLS 


American Tool Works Co. 

Bass Brothers 

BLUM, JULIUS & CO. 

Brooks Machine Co. 

Browne & Sharpe 

Buffum Tool Co. 

Cooper Aeroplane Co., The John 
D. 

GREB CO 


HALL-SCOTT MOTOR CAR CO. 
HAMMACHER, SCHLEMMER 
& CO. 


LANSING STAMPING & TOOL 
co. 

Peck, Stowe & Wilcox Co. 

Rich Tool Co. 

Rogers Works, John M. 

Smith & Hemenway 

Whitman & Barnes Mfg. Co. 


TRUCKS AND 
TRAILERS 

Acason Motor Truck Co. 
federal Motor Truck Co. 
Four Wheel Drive Auto Co. 
Fruehauf Trailer Co. 
Nash Motors Co. 
Packard Motor Car Co. 
Sechler Company, The 
Service Motor Truck Co. 
White Company, The 


TUBING 
American Tube Co. 
BLUM, JULIUS & CO. 
Dewes Co., The A. 
Empire Art Metal Co. 
Frasse & Co., Peter A. 
National Tube Co. 
Pennsylvania Flexible Metallic 
Tubing Co. 
STIMPSON, EDWIN B., CO. 


TITEFLEX METAL HOSE 
CORP. 
TURNBUCKLES 


Aero Mfg. & Accessories Co. 

Dayton Metal Products Co. 

Dillner-Meyer Mfg. Co. 

National Aeroplane Co. 

New York & Hagerstown Metal 
Stamping Co. 

STANDARD TURNBUCKLE CO. 

Steel Products Co. 


WHEELS 


ACKERMAN WHEDBL CO. 
Dayton Wire Wheel Co. 

Hayes Wheel Co. 

Mott Wheel Works 

National Wire Wheel Works 
Spranger Wire Wheel Corp. 
Watson Wheel & Rim Corp. 
Wire Wheel Corporation of 


America 
WIRE 
American Steel & Wire Co. 
Century Telephone Construction 
Co. 
Electric Cable Co. 
co | YORK WIRE AND SPRING 


Rathbone, A. B. & J. 
ROEBLING’S SONS, JOHN A. 
Simplex Wire & Cable Co. 
Upson-Walton Co. 


WIRELESS 


American Radio & Research 
Corp. 

American Wireless Telegraph Co. 

Cutting & Washington, Inc. 


Crocker-Wheelcr Co. 








Aluminum Company of America 


Manufacturers of 


Aluminum 


Ingot, Sheet, Tubing, Wire, Rod, Rivets, Mould- 
ing, Extruded Shapes, Electrical Conductors 


LITOT ALUMINUM SOLDERS and FLUX 


Will solder aluminum to itself or other metals 
Write for information 
General Sales Office, 2400 Oliver Bldg., Pittsburgh, Pa. 
BRANCH OFFICES 


NO... 005606850050 neeeneeee 131 State Street 
ED fs sccconncan 1500 Westminster Building 
Cleveland........... 950 Leader News Building 
MD 6 u.6 5:0-0060002 600deRe 1512 Ford Building 
i eee 608 R A Long Building 
fra eer 120 Broadway 
Philadelphia ....... 1216-1218 Widener Building. . 
EE kay cae a pnaekel 1112 Granite Building 
Gam PEMmeiseo... ... 2.26.5 20% 322 Rialto Building 
Washington....417 Metropolitan Bank Building 
CANADA 
Northern Aluminum Co., Ltd..........Toronto 
ENGLAND 
Northern Aluminium Co., Ltd......London 


LATIN AMERICA 
Aluminum Co. of South America. Pittsburgh, Pa. 


Send inquiries regarding aluminum in any form to nearest 
Branch Office, or to General Sales Office 

















To take the work out of gear pulling—to make 
the removal of couplings, timing, magneto, pump 
shaft and all other gears on an aero motor an 
absolutely automatic process, get the only auto- 
matic tool of its kind on the market—the 





AUTOMATIC 


PULLER 


Junior Size 





BEAGH 


GRipP 





















By simply tightening the hardened 
steel screw shown on top of the tool 
all the drop forged jaws are forced 
inward, automatically gripping the 
work. Adapted to all makes of aero 
motors, by changing the arms, an 
extra set of which is supplied with 
each tool. 

The BEACH has proven its absolute indispensability 
in thousands of shops throughout the country. If 
you are a mechanic you will instantly appreciate 
what a definite need is filled by this little tool. 


Write for illustrated leaflet, price, etc. 
The Greb Company 


Manufacturers of Automotive 
and Garage Equipment 


190 State Street, Boston 
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No. 2B PLAIN MILLER 


Single Pulley Drive 
12 ch dl No. in spindle. 
6 changes SS coh spindle  . Treble 84 a Pt 37 7" 
Hardened machine steel gears throughout insure 
maximum driving power at speeds. 
We also build Universal Millers, Dividing Heads, 
Vertical Attachments and Vises. 


Write for Circular 


THE FOX MACHINE COMPAN Y 
1810 W. Gavson St., Jackson, Mich. 
Formerly of Grand Rapids, Mich. 








| DALTON S$ SIX" 


5, METAL WORKIN 
ba Ss) ? THE ‘6 L. 


MODEL TYPE“ B-4” 


30 OR 56 INCH LENGTH OF BED 








MANUFACTURED BY 


DALTON MANUFACTURING CORPORATION 


NEW YORK U.S.A. CABLE ADDRESS“ALEDAL’ NEW YORK 








Dewey Aviation School 


Billy Parker, Licensed Pilot, International Aeronautic 
Federation, Chief Instructor 


Ground school includes Wireless Teleg- 
raphy, Aerodynamics and Motor Me- 
chanics. Curtiss O. X. 5 motors and 


J. N. 4 B. Curtiss equipment. 
IDEAL WINTER CLIMATE 


Write for free illustrated folder 


DEWEY AIRPLANE COMPANY 


INCORPORATED 
MANUFACTURERS OF AIRCRAFT FOR SPORT 
MILITARY AND COMMERCIAL PURPOSES 


DEWEY, OKLAHOMA 








AJAX Auto and Aero Sheet Metal Company 
Manufacturers and designers of 
AERO RADIATORS INTAKE 
and EXHAUST PIPES 
H. W. MEYER, 245 West Fifty-fifth Street, New York 


— 
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Sizes We Maxe Screw Heao mee lew Rivets For Every Purrose. \ 
EYELETS, HOOKS, GROMMETS ano WASHERS ror SHOES, 


70 FRANKLIN AVENUE 70 = suecter Tents, corsets,ceccins, MaiL Bacs. BROOKLYN, NEW-YORK 





FOXBORO 
QUALITY INSTRUMENTS FOR AIRPLANES 


Airspeed Indicator or Buoyancy Meter Indicating Dial Type Thermometer 
Gasoline Level Indicator for circulating oil and water 
OIL PRESSURE GAUGE AIR PRESSURE GAUGE 


The Foxboro line also includes many different types of indicating and recording 
gauges and thermometers designed for all sorts of conditions and purposes. 


THE FOXBORO CO., Inc., FOXBORO, MASS., U.S.A. 


New York CHICAGO PITTSBURGH PHILADELPHIA St. Lours 
San FRANCISCO BmMINGHAM, ALABAMA Peacock - Bros., MONTREAL 














New Book Practical 
"etablens Mating a 


For Aviation Officers and Mechanics Win the acceptance of the Armis- 


APPROVED FOR USE IN UNITED STATES NAVY tice Terms extended by the Grand 


AVIATION MECHANICS SCHOOLS Alliance to the Central Powers, 

there is every evidence that the Govern- 

Written By ment will lift the restrictions on building 

JAMES T. KING, formerly mechanic and that the so-termed “ non-essential ” 

with Canadian and American Curtiss industries are to be given permission to 
Aeroplane Factory and Royal Flying operate on a larger scale. 

Corps; now instructor Aviation Dept., 

Dunwoody Institute; and This means that the plans for kiln ex- 

NORVAL W. LESLIE, Flight Sub- tensions which were delayed by the Gov- 

Lieutenant, R.N., instructor Aviation ernment restrictions can proceed and we 

Department, Dunwoody Institute. are ready with a large stock of materials 


This book is well illustrated and takes up oS ee ee ee 
types, parts, alignment, care and main- 
tenance of machines in a practical way; 
also the theory of flight. Only new book 
of its kind on Rigging. 


Price $1.50 GRAND RAPIDS VAPOR KILN 
THE DUNWOODY INSTITUTE Grand Rapids Veneer Works 


Seattle, Washington Grand Rapids, Michigan 


We will be glad to have our engineers call 
on you, explain our process, outline the 
type and size of kiln you require and give 
you an estimate of the cost. 


818 Superior Avenue Minneapolis, Minnesota 
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Large Stock on 
Hand 


SEAMLESS STEEL TUBING 








Prompt Mill 
Deliveries 


COLD DRAWN SHAFTING AND SCREW STEEL 
Eastern Distributor: BORDENTOWN STEEL & TUBE CORP. 


JULIUS BLUM & COMPANY 


510-512 West 24th Street, New York, N. Y. 


Branches: Boston, Chicago, Philadelphia 











BAKELITE 


REG. U.S. PAT. 
The Premier Moulded tenia 


We maintain a research labora- 
tory for the working out of new 
applications, including those 
pertaining to flying machines. 





CENERAL BAKELITE COMPANY 


2 RECTOR STREET NEW YORK 


Flottorp Manufacturing Co. 


AIRCRAFT PROPELLERS 
Established 1912 





4611 West 12th Street 


213 Lyon Street 


Chicago, IIl. 
Grand Rapids, Mich. 


Contractors to United States Government 














For Airplanes 


Lightweight — Strength — Quality 


THE G & 0 MFG. CO., New Haven, Conn. 





NOW READY 
AERONAUTICAL ENGINEERING 


and AIRPLANE DESIGN 
By LIEUTENANT ALEXANDER KLEMIN 
Aviation Section, Signal Corps, U. S. A., in 
charge of Aeronautical Research Department, 
Airplane Engineering Department. Until enter- 
ing military service, in charge of Department of 
Aeronautics, Massachusetts Institute of Tech- 
nology and Technical Editor of Aviation and 
Aeronautical Engineering. 
Price, postpaid, in the United States, $5.00 net 
THE GARDNER-MOFFAT CO., INC. 
120 West 32d Street, New York City 
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Y Z /ATCHES CLOCKS INSTRUMENTS SS 
Lumi ingus terial Corporations N 














>t New York City: 
Vahiniiin \\\\ 


\ | : st 

















Non-Shatterable 


RESISTAL EVETECTS 


ame air of these non-shatter- 
gle imended t y U.S. Army an d stan mney ote 
U8. ON: avy » Write fo r Bux Sky of aviators’ experiences. Go to 
the Store where EYETECTS are sold, or—send $:2 and his ad- 
28 , . We guarantee delivery and satis- 
ry tion. Me iy oo ok if ey Order now for timely 
Christmas deliv ery. 
For Army and Navy Flyers 
Manufactured STRAUSS & BUEGELEISEN 
only by 438 Broadway New York City 


(The Goggles that Protect| 



















December 15, 1918 
























December 15, 1918 


AVIATION 








Recharges Itself in 30 Seconds 


A noteworthy feature of this compressed air starter is 
that it replenishes i its energy in less time than any other 
starting system in existence. 
wai The 
if Y ‘‘ Perfect Starter”’ 


No alteration in motor or other 
gear reduction is needed for 
attachment. When the starter 
is not in use, the motor is left en- 
tirely free. Interference is impos- 
sible. ‘‘ Model D” for 150 H.P. en- 
gines weighs 55 lIbs., and “ Model 
C” for 250 H.P. engines, 65 Ibs. 
Tested and approved by U. S. and 
Foreign Governments. 


Send for Free Booklet 
THE MOTOR-COMPRESSOR CO., Newark, N. J., U.S.A. 






Tycos 


Aviation 
Barometer 


Made in U. 8. A. 


Write for 
Information 








For over siaty 

years makers of 

scientific instru- 
ments of 
superiority 














ESTABLISHED 1910 
We carry a large stock for immediate delivery. 
Contractors to United States Government. 





All-Metal 


Tite Tite flex © Flexible 


SS US. PAT OFF Tu bing 


flexes within the metal and is permanently tight. No 
packing or sliding action to cause leakage 
GASOLENE HOSE—For garage tanks and supply stations 


ARMORED GASOLENE AND OIL FEED LINES—For auto- 
mobile, airplane and motor boat engines. 


FULL-INTERLOCKED AND SEMI-INTERLOCKED TUB- 
ING—For hot air stoves, speedometers, horns and electric wir- 
ing conduits. 


TIRE INFLATION TUBES 
MUFFLERS AND EXHAUST PIPES 
Let us quote you 


TITEFLEX METAL HOSE CORPORATION 


Badger Ave. & Runyon Street, Newark, N. Jd. 

















DON’T SCRAP ALUMINUM PARTS 


USE SO-LUMINUM—NEW WELDING SOLDER 





"™ Broken 90 H. P. iat crank case repaired for the United States Navy in siz 


hours’ time and at $15.00 expense by use of So-Luminum, as against $400.00 and five 
months’ time to get a new one—is in perfect condition after two years’ use. Use 
gasoline or blow torch—no flur or special tools required. lee 

Booklet and directions on request. Sample bar, $1.00. Used and endorsed 


by the United States Army and Navy, auto and aero companies, and indorsed 
by the British Munitions Board 
SO-LUMINUM MFG. & ENG. CO., Inc 


Room 25, 1790 Broadway E New York City 














The quickest, strongest, 
most efficient and most 
economical crankcase _ repair 
on the market, ABSOLUTELY 
GUARANTEED TO BRAZE BROK- 
EN ALUMINUM PARTS IN SUCH A 
MANNER AS TO MAKE THE BRAZED 
PORTION ABSOLUTELY BREAK- 
PROOF. Does not require intense fusing 
heat, thus saving texture of metal. 
Write for full details. 
ALUMINUM BRAZING SOLDER CO. 
Montgomery ow 
os Pa., U. 8. A 































AIRCRAFT WIRE 


STRAND AND CORD, THIMBLES 
AND FERRULES 


JOHN A. ROEBLING’S SONS 
COMPANY 
TRENTON, NEW JERSEY 








































Specialists in Heat- 
Treating Vanadiums 






New York Wire © Spring Company 
586 Washington Street, New York 







































































All builders 

of airplane motors in 

America use Zenith on 

their product. 

Zenith Carburetor . 
Company 


NewYork DETROIT Chicags 


DOEHLER 


BABBITT-LINED BRONZE 


BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 
in the automobile and airplane industries. 


DOEHLER DIE- CASTING Co. 


|... ea 
TOLEDO.OHIO. NEWARK. N.J. 


Also Die-Cast Babbitt Bearings, Die-Castings in 
Brase &2 Bronse Aluminum and White Metal Alloys 


MOTORS CORPORATION 
BROADWAY NEW YORK CITY 


VERNMENT 


DUESENBERG 





AVIATION 





CLASSIFIED ADVERTISING 
10 Cents a word, minimum charge $2.00, payable in advance. 
Address replies to box numbers, care AVIATION AND AERO- 
NAUTICAL ENGINEERING, 120 West 32d Street, New York. 











FOR SALE—100 h.p. 6x Roberts 
price $600.00 : 
Canada. 


guaranteed same as new, apply Hoffar Motor 


Boat Co., Vancouver, 


WANTED—Immediately. 
men, machinists, 
state experience, age, 
gineering Corp., Baldwin, L. 


Experienced aeroplane 


metal workers, bench hands, woodworkers; 
salary and references. 


i =, 


Aero Motor, 1917 model, 


draughts- 


Ordnance En- 
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ZSCONMSI 
AEROPLANE MOTORS 


are correctly designed with the highest 
quality materials and workmanship. 
Write for catalog of 6 and 12 cylinder models. 


WISCONSIN MOTOR MFG. CO. 


Station A. Dept. 338. Milwaukee, Wis., U. S. A. 



















CAPITAL JIGS 
INTERNAL 


GRINDER STAMP INGS DIES 


E realize in air or at sea there should be so 

faulty material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL Co. 


LANSING, MICHIGAN 











For Your Flying 
<— Boats Use 








Send for Booklets— 


‘*Marine Glue, 
What to Use and 
How to Use It.’’ 
** How to Make 
Your Boat 
Leakproof.” 
‘‘Seaplane Float 
Construction.” 
L. W. Ferdinand & Co. 


152 Kneeland Street 
Boston, Mass., U.S.A 




















BOSTON, MASS. 




















BUILD that new 
Get Catalogue K, 


airplane now for the coming flying season. 
and motor, for 15c. 
Heath Aeroplane 


propeller, stamps from 
America’s oldest 


Co., Chicago, Tl. 


aeronautical supply house. 


AVIATOR WANTED 
man who has had practical experience in aviation to represent 


An excellent opportunity is open for a 


a well-established and progressive New York company in in- 


troducing to the trade a new aeronautical instrument which 
was developed during the war. Permanent position and an 
exceptional opening for the right man, In answering give 


industrial and aeronautical experience and education in detail, 
and nationality, age, married or single, salary expected, and 


when available. Address Box 301. 
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D0 prixon's “ ELDORADO" the master drawing pencil =~ HB 


The high water mark of 


O 


the master drawing pencil” 


pencil excellence 


Many pencil experts thought 
that this mark would never be 
reached in America. But these 
same people now make the defi- 
nite statement that Dixon’s Eldo- 
rado, “the master drawing pencil,” 
is superior in smoothness, strength 
and long-wearing qualities to any 
other pencil, foreign or domestic. 
17 degrees —9H (hardest) to 6B 
(softest). 

Write us on your letter head for free 


full-length samples stating the degrees 
you usually use and your dealer's name, 


JOSEPH DIXON CRUCIBLE CO, 


ESTABLISHED 1827 
Dept. 146-J Jersey City, N. J. 


‘ 








0 prxon's “ELDORADO” the master drawing pencil -HB 
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PRATT & LAMBERT 
AIRPLANE VARNISHES 


A CHEAP wing enamel and the best 
A wing enamel look about the same. 
The best wing enamel has greater 
spreading and hiding powers; it requires 
fewer coats; it can be applied so much 
more quickly and saves in labor; it 
gives longer service. Efficiency and 
economy, so much sought during these 
times is thus secured at an /witia/ cost 
which must be slightly more per gallon. 


We are manufacturers of air-drying and baking varnishes, enamels 
and finishes for brushing, spraying and dipping, for all aircraft purposes, 
including the following: 

Impermalin — a «vaterproof varnish for wood and fabri 
Anti-Actinic Wing Enamel, a//cofors Navy Pontoon Enamel, a//colors 
Liquid Wood Filler Metal Fittings Lacquer 
Propeller Varnish Insignia Coatings 


PRATT & LAMBERT-IwNc. 
Pioneers in the Manufacture of Airplane Finishes 
134 TONAWANDA STREET 
BUFFALO, N. Y. 
FACTORIES 
NEW YORK BUFFALO CHICAGO 
BRIDGEBURG, ONTARIO 
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Stake the life of a man or the success of a battle — 


For, in addition to all the usual qualities of 
average ball bearings, this Hess-Bright Product 
has unusual wearing power— due entirely to 
exceptional choice of metal for their making, 
combined with painstaking care in their finish. 
They stand excessive strain and stress with 


against the integrity of an assemblage of metal 
parts and the question of the bearing’s quality 
becomes a definite thing. Q And in aeronautics 
the stake is all that—and more. So the use 
of bearings in such service becomes the finest 
testimonial for their makers. In this respect 
it’s interesting to note that Hess-Bright Ball 
Bearings are fit to serve. 


unfailing dependability. It is this that has made 


them standard. 


THE HESS-BRIGHT MANUFACTURING COMPANY 
Philadelphia, Pennsylvania 
































Model O X & Curtiss motor equipped 
with S K F Ball Bearings 


























This caution, displayed at the Aviation Training 
Shops, is the beacon that warns against carelessness. 


An overheated or improperly lubricated bearing may 


be the cause of sending the best-built airp!ane crash- 


ing to the earth. SKI equipped airplanes are not 
subject.to hot bearings, nor will SKF bind. when 
reversements and spinning nose dives cause the whole 
structure to rack and creak. SKF Ball Bearings are 


self-aligning. 


SKF SALL BEARING CO. 


HARTFORD 















































